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 Stream water quality is increasingly threatened by expanding anthropogenic activities, 
mainly through point source discharges and urban and agricultural runoffs of contaminants 
getting through a water body’s watershed resulting in pollution.  Concerns developed as to 
whether urban or agricultural type activities were causing most water quality impairment issues 
in the upper Little Miami River watershed in southwest Ohio. 
 Characterizing the upper Little Miami River (LMR) watershed with respect to water 
chemistry and Land Use/Land Cover (LULC) while evaluating the sources of any higher than 
expected natural parameter concentrations, with a strong emphasis on the nutrients 
phosphorus and nitrate, serves as this study’s purpose.  Efforts are made to determine the 
greatest non-point source nutrient contribution by specific LULC type watersheds and compare 
findings with known point source nutrient contributions. 
 Up to 23 sites were sampled during dry weather conditions covering all seasons except 
winter, ranging from July 2009 to November 2010.  Sampling began near the head works of the 
upper LMR watershed at LMR mile 102, site #1 and ended with site #23 at LMR mile 51.3.  Data 
iv 
 
obtained from the analysis of these samples has been comparatively graphed, spatially and 
statistically analyzed, and worked into loading calculations for comparisons to available online 
data, such as point source information. 
General water chemistry measurements show trends of specific ion concentrations, 
such as sodium and chloride, in relation to LULC drainage areas connected to sampled pour 
points.  Nutrients such as phosphorus and nitrate have concentration amounts significantly 
influenced by non-agricultural anthropogenic activities.    Statistical analyses of the generated 
data support the observed trends through correlation coefficients.  Estimated stream/river flows 
at the sampled sites provide loading value development of specific parameters that further 
support significant trends and correlations even when at times the site concentration values of 
specific parameters drop downstream due to dilution by incoming natural waters. 
 Observations of most significance involved the nutrient phosphorus and the salt NaCl, 
which showed the highest concentrations to be associated with urban type Land Uses/ Land 
Covers, such as residential, commercial, industrial, transportation, urban grasses, and drainage 
classes.  Further study revealed that Water Reclamation Facilities (WRF) residing within the 
urban areas, provided the major source of phosphorus.  Where WRF discharge loadings could be 
separated from estimated loadings calculated at the sample sites, though only in a small section 
of the whole study area, Agricultural as well as Urban Grasses LULC watershed types show to be 
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I.  INTRODUCTION 
 
 The Clean Water Act, (CWA), which had its basic start in 1948 under the name of the 
Federal Water Pollution Control Act, began regulating quality standards for surface water then 
and more extensively with amendments in 1972.  This Act regulates pollution discharges to 
United States waters and has evolved over time with numerous amendments, having its present 
name, CWA, becoming official in 1977.  The statute employs a variety of tools to reduce direct 
pollutant discharges into the nation’s waterways, to finance municipal wastewater treatment 
facilities, and to manage runoff pollution.  This employment achieves the wider goal of restoring 
and maintaining the chemical, physical, and biological integrity of the United States’ waters so 
as to protect and support the propagation of aquatic life, wildlife, and recreation in or on the 
water.  Originally, most CWA efforts focused on point sources.  In the 1980s polluted runoff 
issues were addressed starting with voluntary programs.  Regulatory approaches developed 
with wet weather point sources such as urban storm water sewer discharges and construction 
sites. Whole watershed approaches soon after became the main emphasis on dealing with 
polluted runoff (EPA, 2011). 
With the existence of the CWA came the drive to evaluate the effectiveness of the Act 
by increasing the frequency of measuring water quality.  The cleanliness of a water body is 
generally determined by the quality of biological activity occurring within the water and is 
dependent on the quality of the liquid medium, which in turn is heavily influenced by the 
surrounding land.  Water quality is important for sustaining aquatic life and can be evaluated 
using simpler indicators such as pH and dissolved oxygen (D.O) concentration (The Geological 
Society of America, Inc., 1990).  Parameter quantities that can be determined in simpler and 
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quicker methods allow for more frequent water body measurements that can be easily 
correlated in a timely fashion to local land uses. 
II. INFLUENCING FACTORS AFFECTING WATER QUALITY 
 
 Chemical concentrations in river water are controlled by many factors.  Watershed 
chemical loads due to geology and soils are background sources.   Some input is provided by 
precipitation and the atmosphere, thus providing a weather related source of chemical loading.  
Catchment or watershed hydrology affect the transport of pollutants from the land surface to 
the river network and plays an important role in diluting point source inputs.  These previous 
factors are natural situations that cannot easily be modified.  It is the anthropogenic sources 
such as agricultural runoff and point source discharges that can be considered the most 
important, due to the concentrations of the pollutants, which can be likely controlled (Jarvie, 
Oguchi, & Neal, 2002).  
Surface water is particularly vulnerable to pollution that threatens drinking water 
supplies and aquatic life (Anderson, Nagar, & Sarkar, 2007).  Rowe et al. (2004) stated that a 
study by the National Water-Quality Assessment program, NAWQA, found that human activities 
affected the U. S. State of Ohio streams in the Great Miami River, GMR, and Little Miami River, 
LMR, basins since the early 1900s by agriculture, urbanization, waste discharges, farmland 
ditching and tiling, and channel modification.  The latter causes a degradation of a stream’s 
physical habitat leading to less propagation of sensitive aquatic organisms.  The Ohio 
Environmental Protection Agency, OEPA, lists the leading causes of impairment to aquatic life in 
Ohio streams as being due to habitat alteration, organic enrichment, siltation, metals, flow 
alteration, and nutrients.  The OEPA (1998) further states the sources of these causes are 
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associated with hydro modification, point source discharges (municipal & industrial), agriculture, 
mining, and urban runoff (OEPA O. E., 1998). 
 A river quality study of the Humber catchment (watershed) in the eastern England, UK 
showed that large industrial and urban areas located upstream of the sites contain the higher 
concentrations of suspended solids, ammonia, total oxidized nitrogen, sulfate, plus heavy 
metals.  These high concentrations were attributed to sewage discharges and industrial 
effluents, sources found to be significantly impacting the river water quality across the whole 
catchment evaluated in this study (Oguchi, Jarvie, & Colin, 2000). 
1. Runoff  
River water quality is generally linked with watershed land-use (Nabais, Barrico, Freitas, 
& Prasad, 2007).  Agricultural runoff can be expected to contain high amounts of nutrients and 
sediments, while urban areas may be enriched with rubber particles, heavy metals, sodium, and 
sulfate (Tong & Chen, 2002).    
 Residential, urban, and other anthropogenic built-up areas are considered significant 
sources of this non-point source pollution from discharges due to storm waters.  The 
imperviousness of urban land covers increase storm discharges so much that even small rainfalls 
can flush contaminates into nearby streams.  Urban areas cover 3% of U.S.  land mass yet urban 
storm water is listed as the primary source for 13% of all rivers (Myers, 2011).  Pollutants, such 
as sediments, animal wastes, plant nutrients, crop residues, inorganic salts, minerals, and 
pesticides due to agricultural activities are known to impact water quality (Basnyat, Teeter, 
Lockaby, & Flynn, 2000). 
 Land surface characteristics are influenced by different types of vegetative coverages, 
which through evapotranspiration, interception, infiltration, percolation, and absorption affect 
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the area’s water balance, hydrologic cycle, and surface water temperature.  This in turn results 
in how runoff waters and ground waters will affect the physical, chemical, and biological 
processes in the receiving water bodies.  Thus, the relationship between land-use types and 
water quality is strong (Tong & Chen, 2002). 
2. Nutrients  
Nutrients such as phosphorus and nitrogen can have detrimental effects on aquatic 
communities.  Many elements and compounds are necessary for biosynthesis, but phosphorus 
and nitrogen have been considered the principal limiting nutrients for primary bio-production 
(Brezonik, 1972).  A limiting nutrient is one where its abundance links directly to an organism’s 
growth, with the nutrient naturally being somewhat scarce.  Phosphorus is a limiting nutrient for 
many types of algae including cyanobacteria, also called blue-green algae, though not a true 
algae (Ohio Environmental Protection Agency, 2010).  When in excess, eutrophic conditions 
occur allowing massive algal blooms that hinder the production of other desired aquatic life and 
even creating harmful conditions for others.  The Ohio EPA calls such eutrophic conditions 
‘cultural eutrophication’, where high amounts of nutrients getting into rivers and lakes result in 
Harmful Algal Blooms (HABs), dissolved oxygen depletions, and fish kills.  High levels of 
phosphorus and nitrogen associated with cultural eutrophication impair aquatic life in Ohio’s 
water bodies (Ohio Environmental Protection Association, 2013).  The concentration of nitrate 
has increased in rivers, lakes, and aquifers due to the increase in agricultural production over 
the last 50 years.  This source of pollution has huge impacts on the eutrophication of surface 
waters, as well as the quality of drinking water (Nabais, Barrico, Freitas, & Prasad, 2007). While 
excessive nitrogen also contributes to eutrophication, nitrate-N concentrations greater than 20 
mg/l may be a health hazard to juvenile mammals (Basnyat, Teeter, Lockaby, & Flynn, 2000), but 
the US EPA standard is 10 mg/l, rarely exceeded in natural environments.  This can be a serious 
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concern with drinking water supplies.  High nitrate levels can cause methemoglobinemia, or 
‘blue baby syndrome’, among infants, a low dissolved oxygen level in blood that has the 
potential to be fatal.  High nitrate concentrations in streams have been determined by the Ohio 
EPA to be associated with fish deformities, fin erosions, lesions, and tumors being discovered in 
Ohio water bodies (Rowe & others, 2004).  
Nitrogen, often present as nitrate, the most inorganic form, is one of the most 
problematic nutrients when relating water quality to ecologically healthy systems. However, 
excess phosphorus levels are attracting the most attention in relation to nitrate as to causing 
water body upsets.  The most serious recent public health advisories issued by the State of Ohio 
have been applied to Lake Erie and Grand Lake Saint Marys and to a lesser extent to Buckeye 
Lake State Park and Maumee Bay State Park beaches. The Ohio EPA states that an increase in 
anoxic zones have occurred in Lake Erie, developing in the summer months where dissolved 
oxygen levels are depleted following the bacterial decomposition of dead algae and other 
organic materials.  These anoxia zones are the result of eutrophic environments where algae 
blooms occur due to the excess nutrients.  The death of the algae depletes oxygen from the 
water body as bacteria decompose the dead organic matter by aerobic respiration (Anderson, 
Nagar, & Sarkar, 2007).  As recent as the Fall of 2014, these 4 areas have had existing Public 
Health Advisories meaning toxin levels exceed recommended thresholds for the elderly and very 
young and other humans with compromised immune systems.  Such individuals should avoid 
wading and swimming in bodies of waters with such advisories outstanding. Such problems have 
the State of Ohio working on a statewide nutrient reduction strategy.  An Ohio EPA (OEPA) fact 
sheet lists the primary sources of these types of nutrient pollution as being due to runoff from 
fertilizers, animal manure, urban storm water, vehicle emissions, and failing septic tanks as well 
as from point source discharges from sewage treatment plants and power plants.  Of human 
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concern, HABs (harmful algal blooms) cause toxins to form in water bodies where a type of 
cyanobacteria, aka blue-green algae, fed by excessive phosphorus and nitrogen, while 
experiencing sunny, calm, low flow conditions, with warm temperatures, grow to eutrophic 
levels.  These toxins can affect the liver, nervous system, and skin of humans being exposed to 
them (Ohio Environmental Protection Association, 2013).  Phosphorus is one of the main 
problems with Grand Lake Saint Mary, where toxin levels from HABs have caused the Lake to be 
closed in 2010 (Leader, 2013) (Standard, 2010).  The summer of 2010 exhibited some of the 
worst water quality conditions in Ohio where Grand Lake Saint Marys, Lake Erie beaches, and 19 
other inland lakes showed extensive HABs (Ohio Environmental Protection Agency, 2013).  The 
Microcystin toxin, produced by the cyanobacteria Microcystis and other types, is used as a 
standard measure of HABs by the World Health Organization.  Levels are considered a low risk in 
the range of 1 ppb (parts per billion) up to 4 ppb.  Microcystin toxin levels are considered a 
moderate risk @ 20 ppb (Ohio Environmental Protection Association, 2013).  For five 
consecutive years, beginning in 2009, the state has placed public health advisories on Grand 
Lake Saint Marys due to Microcystin levels exceeding 6 ppb.  The Microcystin level exceeded 90 
ppb as recently as May 2013.  In 2010, eight human illnesses and three dog deaths were 
attributed to algae toxin contact within Grand Lake Saint Mary’s water.  Authorities in the area 
mention that phosphorus, coming from local farmlands and livestock manure needs to be 
reduced (Daily Standard, 2013).  A HAB OEPA fact sheet further states that Planktothrix is the 
type of cyanobacteria dominating Grand Lake Saint Mary’s Lake and is unique in that this 
organism fixates nitrogen from the atmosphere, revealing the importance of phosphorus 
control. 
Rowe & others (2004) pointed out that a NAWQA study in 1999-2001 revealed frequent 
elevated nutrient levels in two Ohio basins, the Great Miami River & the Little Miami River.  
7 
 
Excessive algae growths were observed in some of the larger streams having these higher 
nutrient levels and lacking open tree canopies.  Streams in the NAWQA study area draining 
agricultural land had the highest mean concentration of nitrogen, due to commercial fertilizer 
and manure applications.  Those draining mixed land use types, and with multiple point source 
discharges, contained the highest phosphorus concentrations.  Rowe et al. (2004) found that the 
nitrogen and phosphorus measurements have decreased by 50% and 40% respectively since 
1974, in the NAWQA study area, but still remain among the highest concentrations detected in 
the nation, for large mixed land use streams.  The nitrogen-N mean annual concentration 
equaled 3 mg/l.  The phosphorus concentration remains higher than the USEPA guideline of 0.1 
mg/l, at 0.3 mg/l.  The primary source of phosphorus is considered to be wastewater treatment 
effluents for both basins in the study (Rowe & others, 2004). 
 
3. Land Use 
 Previous studies have shown that agricultural lands result in the highest concentrations 
of nutrients in the nearby water bodies (Tong & Chen, 2002).  Tong and Chen found that 
significant negative changes in water quality were related to urban development in the Little 
Miami River watershed.  Other studies found that urban areas did produce significant soluble 
pollutants (Wang & Yin, 1997).  In this Wang & Yin (1997) study, consideration has to be given to 
the fact that delivery of non-point source pollutants from upstream contributing zones go 
through a multi-step and often episodic process to a particular point downstream, where 
sampling occurs.  Contributing zones might be expected to influence water quality 
measurements more than the overall Land Use Land Cover characteristics of a sampled 
watershed.  Zones of pollutant contributions have the greatest influence on the stream when 
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immediately adjacent to it and this water quality influence diminishes with increased distance 
from the stream (Basnyat, Teeter, Lockaby, & Flynn, 2000).  
Rowe et al. (2004) showed from the NAWQA GMR & LMR basins study, that a strong 
correlation occurred with declining water quality at the sample sites downstream from urban 
land uses.  Urban areas affected the nearby streams during dry periods due to wastewater 
treatment discharges and during wet periods by storm water runoff contaminants getting into 
the water flows (Rowe & others, 2004).  The NAWQA study by Rowe et al. (2004) also showed 
that agricultural land uses are more of a problem during wet weather periods, especially during 
the Spring season in reference to nutrients.  Commercial fertilizers account for 2/3 of nitrogen 
and phosphorus applied or deposited in the GMR basin.  The same fertilizers accounted for 74% 
of nitrogen and 81% of phosphorus in the LMR basin.  However, only 13% of the land deposited 
nitrogen and only 5% of the land deposited phosphorus reached the streams.  Some of this 
nitrogen has been detected in shallow groundwater wells within the study zone.   
 A multitude of studies have been made with reference to land use and water quality 
connections worldwide and the study drive is to continue.  Linking river chemical concentrations 
with spatial and temporal variations has become an important matter throughout the world.  As 
stream water quality changes, trends can be established indicating environmental changes 
which give insight into the contributing factors such as climatic changes or variations in land use 
and management (Potts, Hirst, Miller, Edwards, & Elston, 2003).  One Shanghai, China, study 
revealed not only that positive correlations could be made between urban land uses and 
declines in water quality, but also that the rate of declination matched the rate of land use 
change (Ren, Meligrana, Anderson, Watt, Chen, & Leung, 2003).  The study by Ren et al. (2003) 
reviewed data collected over a 50 year period and stated that a deficiency exists in examining 
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water quality variations compared to land use changes over city regions over time.  As far as 
urban water quality is concerned, the existing literatures are limited to ‘snap shots’ of studies 
representing short periods (Ren, Meligrana, Anderson, Watt, Chen, & Leung, 2003).  With 
reference to agriculture, Ren et al. (2003) observed a change in water quality due to modern 
farming practices with increased uses of chemical fertilizers and insecticides.  Future trends of 
water quality and land use comparisons are necessary as cultures change over time.  Assessing 
the impact of future changes in land use and climate on river water quality can be aided by an 
understanding of contemporary relationships between watershed and the quality of river water 
(Jarvie, Oguchi, & Neal, 2002). 
The USGS National Water-Quality Assessment (NAWQA) Program began an intensive 
study of nutrient enrichment-elevated concentrations of Nitrogen & Phosphorus in 5 agricultural 
basins across the U.S..  The Little Miami River basin is included in this study.  NAWQA is focusing 
on development of nutrient criteria, source-water protection strategies, and stream restoration 
plans.  This study involves agricultural areas and later will be concerned with streams draining 
residential and urban areas.  The NAWQA has considered the agricultural type basin that the 
Little Miami River basin is part of, to be mostly made up of Row Crops with both Tillage and No 
Tillage, utilizing widespread artificial drainage such as tile drains and ditches.  The area is Humid 
with mostly poorly drained soils and relatively impermeable glacial till and sediment.  Nutrient 







III. PURPOSE OF STUDY 
 
Many studies relate water quality measurements to the surrounding areas associated 
with the sample locations in a general way.  Such areas may be considered to represent whole 
watersheds and possibly not be taking into account parts of watersheds that may have more 
water quality impacts to surface water bodies in non-proportional ways as compared to the rest 
of the watershed.  A smaller subwatershed based approach can help delineate in more detail 
the impact land use has on nutrient levels and changes of other water quality parameters within 
stream bodies, and identify contributing zones. 
In a  2001, Total Maximum Daily Loading, (TMDL), study by the Ohio EPA (OEPA) of the 
Upper Little Miami River (ULMR) watershed, nutrients introduced by anthropogenic means 
became a concern of impairment issues of ULMR segments and its tributaries (Ohio 
Environmental Protection Agency, 2001).  This study occurred after the identification by the 
OEPA of the ULMR watershed as being a priority impaired water on the 1998 Clean Water Act 
(CWA) 303(d) list. The CWA Section 303(d) requires States to list and prioritize waters for which 
technology-based limits alone do not insure attainment of water quality standards (Ohio 
Environmental Protection Agency, 2001).  In Figure 1 below, taken from p. 6 of the Dec. 2001 
Draft Report of this study, an outline of the entire ULMR watershed is shown with the 1998 
biological status of the LMR and its tributaries.  The upper red segment, which is the headwaters 
of the LMR beginning at about River Mile 107, shows a ‘poor’ condition by Ohio EPA standards, 
as well as the Little Beaver Creek to the far left.  The Beaver Creek, the North Branch of Massies 
Creek, and Glady Run rate ‘Fair’ on this graphic.  These segments are the worst of this paper’s 
coverage area which is the upper half of the area shown in figure 1, above the black line running 
northeast to southwest.  The OEPA stated that phosphorus levels were too high in the ULMR 
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watershed causing eutrophication conditions by algae growths and decay leading to most of the 
impairments.  Figure 2 shows a schematic of the ULMR with tributaries and point sources listed. 
 




Figure 2: ULMR Schematic (Ohio Environmental Protection Agency, 2001) 




While participating as a stakeholder member of the ULMR TMDL Stakeholders 
Workgroup, during 2000-2001 while the OEPA gathered input for the ULMR TMDL to be enacted 
in 2002, the Waste Water Treatment (WWT) Industry gave strong resistance to the new 
phosphorus limits to be imposed on the most significant Water Reclamation Facilities (Waste 
Water Treatment Plants) discharging into the ULMR.  Their argument was that most nutrient 
impacts into the areas’ surface waters were due to non-point source runoffs coming from 
fertilizer applications with particular emphasis on agricultural practices, though urban septic 
tank discharge runoff was also considered.  The WWT industry members of the Workgroup 
commented that new National Pollutant Discharge Elimination System (NPDES) permit limits 
were not cost effective and that the targeting of the WWT Industry was being conducted due to 
the ease of regulation by those having legal control. 
 The purpose of this study is to evaluate the levels of specific nutrients as well as a few 
other parameters at various locations associated within the most upper sections of the Little 
Miami River, LMR, watershed, including the headwaters with respect to delineated smaller 
subwatersheds of the chosen sample locations.  Determination of specific land use/ land cover 
impacts on parameter values are made, while considering the loading of similar parameters by 
local Water Reclamation Facilities (WRFs), otherwise known as Waste Water Treatment Plants 
(WWTPs).  The aim here is to compare trends associated with the data collected, with reference 
to the locations and dates of the sampling, discerning if a correlation exists between land use of 
the ULMR watershed and water quality with respect to the smaller subwatersheds, taking into 





The Goals/ Objectives of this study include: 
 Relate nutrients, in particular Phosphorus, to Land Use and Land Cover 
 Distinguish correlations with other parameters to Land Use and Cover 
 Measure the general chemistry of the Little Miami River and tributaries 
within the study area and observe downstream concentration trends 
from the head works to the end of the study area 
 Compare nutrient loadings, Phosphorus and Nitrogen, discharged by 
Waste Water Treatment Plants with loadings measured downstream 
 
IV. METHODOLOGY 
1.  Sites & Sampling 
Standard Methods was used as much as possible and where practical, for sampling and 
analysis of up to 23 different sites selected to represent various land-use distributions.  
Alkalinity analysis followed the procedure in Appendix B.  Maps 1-3 and Table 1 lists site location 
information.  Five months:  July 2009, April, September – November 2010, represent the various 
seasons of Spring, Summer, and Fall with sampling occurring during weeks of dry to light rainy 
conditions.  The week of sampling represents the month chosen.  Due to time availability and 
weather conditions and evolution of logistical sites, not all 23 sites were sampled during each 
monthly sample run.  Continuous months in 2010 did not occur due to logistical reasons.  A 
course classroom group project that occurred in July 2009 represents the early summer season. 
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The study area focused on three subwatersheds of the upper most area of the Little 
Miami River (LMR) Watershed, United States Geological Society (USGS) 8-digit hydrologic unit 
number: 05090202.  The three subwatersheds are officially identified as watershed I.D. # 
05090202010 (LMR headwaters to just above Massie Creek), I.D. # 05090202020 (above Massie 
Creek to Beaver Creek), and I.D. # 05090202030 (Beaver Creek to above Caesar Creek).  Selected 
(CWA 1998 303(d) segment list) water body segment descriptions can be found in Appendix C.  
Map 4 shows the location of these sub-basins, along with Ohio Land Use Land Cover 
designations. 
Most sampling occurred along the Little Miami River while some tributaries feeding the 
LMR were sampled to observe individual impacts separate from the LMR.  Samples were 
retrieved as far as possible from the water body edge using a pole with an extension in order to 
capture flowing water, though in the early months a roped plastic bucket, at times lined with a 
clean plastic bag, was used.  Blank samples were analyzed with clean plastic bags to verify no 
interference occurred from the use of plastic bags lining the plastic bucket.  The plastic unlined 
bucket was always rinsed with the sampled water prior to pulling samples with it. 
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Table 1: Site Location Information 
 
  
sites Location Info (All LMR {Little Miami River} unless stated otherwise) July 2009 April 2010 Time Sept.  2010 Time Oct. 2010 Time Nov. 2010 Time
1 SR 42-Columbus Cincinnati  Rd. ~ 14th, PM not sampled 29th PM 23rd @ 12 PM 15th @ 4 PM
2 Lisbon Fork @ Old Springfield Rd. ~ 14th, PM 28th @ 4 PM 29th PM 19th @ 7 PM 15th @ 3 PM
3 North Fork of LMR @ Newlove Rd. ~ 14th, PM not sampled 29th PM not sampled 15th @ 2 PM
4 Dolby Varden Rd.   Under Bridge.   Downstream of Farmland. ~ 14th, PM 28th @ 4:30 PM 29th PM 19th @ 6 PM 15th @ 3:30 PM
5 Pitchin Rd.  Under bridge. ~ 14th, PM 28th @ 5:30 PM not sampled 23rd @ 3 PM 15th @ 5 PM
6 North Fork of LMR @ North River Rd.   Just upstream of bridge. ~ 14th, PM not sampled not sampled 23rd @ 2 PM 15th @ 4:30 PM
7 Clifton Reserve Park.  Within 10 feet of shore. ~ 14th, PM not sampled not sampled 19th @ 4 PM 15th @ 5:30 PM
8 Clifton Gorge access off SR 343.  Down steps and 1/4 mile west. ~ 14th, PM not sampled not sampled 23rd @ 4 PM 16th @ 5 PM
9 Grinnell Road.   Just downstream of bridge. ~ 14th, PM 28th @ 7:30 PM 30th  @ 11 AM 19th @ 5 PM 16th @ 4 PM
10 Jacoby Rd. Canoe Launch. ~ 14th, PM 28th @ 8:00 PM 30th @ 11:30 AM 19th @ 3 PM 16th @ 3:30 PM
11 US Highway 68.  Just upstream of bridge. ~ 14th, PM not sampled 26th @ 7 PM 27th @ 6 PM 16th @ 2:30 PM
12 Massie Creek.  Just upstream of Covered bridge along Stevenson Rd. ~ 14th, PM 29th @ 2:30 PM 30th   @ 12 PM 23rd @ 5 PM 16th @ 3 PM
13 Fairground Rd.  Under bridge ~ 14th, PM 29th @ 1:30 PM 26th @ 7:30 PM 27th @ 5:30 PM 14th @ 6 PM
14 Glen Thompson State Reserve boat launch along Trebein Rd. at US 35 bridge.  ~ 14th, PM 29th @ 1:00 PM 30th @ 12:30 PM 27th @ 4 PM 16th @ 2 PM
15 Beaver Creek @ Fairgrounds road.  Upstream side of bridge. ~ 14th, PM not sampled 25th @ 12 PM 27th @ 5 PM 14th @ 5 PM
16 Beaver Creek @ Factory Rd. Park.  Just upstream of Pedestrian Bridge. ~ 14th, PM 28th @ 2:30 PM 25th @ 11:30 AM 25th @ 7 PM 11th @ 2 PM
17 Little Beaver Creek  @ Research Park.  Under bridge. ~ 14th, PM not sampled not sampled 21st @ 6 PM 21st @ 5 PM
18 Little Beaver Creek @ Factory Rd. Park.  Just downsteam of bridge. ~ 14th, PM not sampled 25th @ 11 AM 21st @ 7 PM 11th @ 4 PM
19 Narrows Reserve boat launch.   Indian Ripple Rd. @ Factory Road. ~ 14th, PM 29th @ 12 PM 25th @ 10 AM not sampled 16th @ 1 PM
20 Mill Bridge Launch Park.  Graf Mill Rd. off Washington Mill Rd.  East of Bellbrook. not sampled 28th @ 6 PM not sampled 28th @ 5 PM 16th @ 12 PM
21 Glady Run.  Schnebly Rd. off SR 725.   Near Spring Valley Village. not sampled 28th @ 7 PM not sampled 28th @ 4 PM 13th @ 5:30 PM
22 Roxanna- New Burlington Road.  Under bridge, near gauging station. not sampled not sampled not sampled 24th @ 7 PM 13th @ 5 PM








 Map 4:  Official subwatersheds w/ LULC 
 
2.  Parameters 
In natural waters, the relative concentrations of major cations (Ca++ , Mg ++ , Na + , K + ) 
and major anions (HCO 3 
- , SO 4 
-2, Cl - , F - ) reflect the local geology.  High NO 3 
– and H 2 PO 4 
–  
concentrations typically come from fertilizer applications.  These anions play an important role 
in life processes (The Geological Society of America, Inc., 1990).  The overall health of a 
waterway can be evaluated by routine tests such as: pH, dissolved oxygen, temperature, 
conductivity, nitrate-nitrogen, phosphorus, turbidity, alkalinity, and hardness (Anderson, Nagar, 
& Sarkar, 2007).  The measurement of specific water quality parameters can be used to 
determine chemical sources and river water chemical behavior as stated by Oguchi et al., 
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(2000).  Jarvie, Oguchi, & Neil, (2002), found that Cl – and SO 4 
-2 undergo conservative transport 
through river networks, thus showing strong correlations with characteristics of the surrounding 
land at the watershed scale.  They discovered that Ca ++ shows stronger correlations with the 
land characteristics at the local level, indicating the calcium concentrations measured are linked 
with sources near the sample site (Jarvie, Oguchi, & Neal, 2002). 
The following parameters were measured:  Dissolved oxygen (D.O.), temperature, pH, 
conductivity, biological oxygen demand (BOD), dissolved SiO2 , anions (bromide, chloride, 
fluoride, sulfate), cations (calcium, magnesium, potassium, sodium), and nutrients (ammonia, 
nitrate, and phosphate), plus alkalinity.  Dissolved oxygen, temperature in Celsius degrees, pH, 
and conductivity were measured in situ with calibrated Yellow Springs Instrument (YSI) 
equipment, once with a YSI 6600 Sonde/YSI 650 MDS (Multiparameter Display System) and the 
remaining with a YSI 560 MPS (Multi Probe System).  A bench top YSI model  5000 D.O. meter  
with a 5010 BOD probe was used for BOD measurements.  Dissolved SiO 2  was analyzed by 
method 8185 designed by HACH for its 890 portable colorimeter using High Range 
Silicomolybdate powder pillows.  Anions and cations were determined with Dionex Ion 
Chromatography ICS 1500 and ICS 2000 units respectively.  Ammonia was measured as soon as 
possible after each grab sample using the HACH 890 colorimeter by method 8155 using 
salicylate powder pillows.  Nitrate was also measured using the HACH 890 colorimeter in the 
field by method 8171, a cadmium reduction method using powder reagents.  The amount of 
Alkalinity in the samples was obtained using a HACH DR/4000U meter following a modified 
spectroscopic method developed by Sarazin et. al (1999), described in the Appendix B section.  
The DR/4000U meter was also used to analyze total phosphorus by the Persulfate Digestion 
8190 Test ‘N Tube method. 
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3.  Data Management using Global Information Systems (GIS) 
A Geographic Information System was used to locate particular sites with reference to 
river mile location and geographical coordinates.  An ArcGIS 9.2 program by ESRI (Environmental 
Systems Research Institute-Redlands California) provided the technology to create layer files 
from the sample sites as well as from study area characteristics by clipping larger State and 
County files, sometimes after merging larger files covering the area of interest.  Water 
Reclamation facilities located within the study area were geo-referenced and placed in another 
layer file.   
The Arc Geographic Information System was used to locate sample sites with reference 
to river mile location, allowing the creation of river mile graphs.  Water Reclamation facilities 
were located along these river mile graphs for comparison.  Online Water Reclamation monthly 
discharge data found at the U.S. Environmental Protection Agency (USEPA) Enforcement & 
Compliance History Online (ECHO) and the USEPA Discharge Monitoring Report (DMR) Pollutant 
Loading Tool websites were obtained to compare to the analytical data. 
Smaller Subwatersheds were manually delineated to represent the sample locations 
using spatial analysis editing tools in an ArcGIS program by ESRI (Environmental Systems 
Research Institute-Redlands California).  Land use /Land cover characteristics were designated 
for each site subwatershed.  The site subwatersheds were then classified according to land use 
based on USGS and State of Ohio databases.  The site subwatersheds were compared with each 
other using land use designation and parameter measurements.   
 The 3 official subwatersheds of the larger ULMR watershed (#05090202), 05090202 
010, I.D. # 05090202 020, and I.D. # 05090202 030, have been broken up into the 23 site 
subwatersheds represented in Maps 5-12,  where most upstream site subwatersheds represent 
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one sub-basin while others are an accumulation of more.  The data gathered at the sites, also 
called pour points, along the upper Little Miami River (LMR) are understandably cumulative in 
nature with respect to the watershed areas represented.  Further LMR downstream sites are 
measuring all the watershed areas upstream that drain toward the pour point site.  It is 
understood that some of the measurements represent material in the water that came from 
upstream catchments that did not become assimilated in the aqueous environment.  Increases 
in concentrations of substances as sampling occurs further downstream at pour points 
representing different LULC types and at locations near WWTPs just upstream, are what is of 
interest here.  The following maps show the 23 delineated site subwatersheds and how most 









          Map 6:  Small Multiple Site Delineated Watersheds 
 
 




          Map 8:  Sites 8 & 9 Delineated Watersheds 
 
 




         Map 10:  Sites 13 & 14 Delineated Watersheds 
 
 




          Map 12:  Sites 22 & 23 Delineated Watersheds 
 
The generated data is compared with others created during much earlier periods.  The 
overall idea is to compare smaller delineated subwatersheds with land use over many years, if 
possible.  Trends will be studied to see if connections exist between time frames and specific 
locations of increases or decreases of levels of the measured parameters.   
4.  Statistical Analysis  
Statistical analysis has been performed on spatial variations of the data with reference 
to watershed land use/land cover types, and performed on data relationships among the 
parameters measured.  Two major analyses were done.  One showed correlations among 
measured variables and themselves and more importantly among LULC characteristics of the 
watersheds being observed.  The other major analysis determined grouping of data due to 
consistent correlations seen at multiple sites. 
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The first analysis involves Pearson Product Correlation analysis using the Microsoft Excel 
program Corel statistical function as well as the SAS (Statistical Analysis System) program (a 
statistical software program developed by the SAS Institute in Cary, N.C.) utilized by Wright 
State University’s (WSU) Statistical Consulting Center’s (SCC) statisticians (Statistical Consulting 
Center, 2012).  The Pearson method provides correlation coefficients where values close to 1 or 
-1 indicate highly positive or highly negative correlated variables, respectively, and where 
coefficients close to zero indicate that not much relationship exists (Wang & Yin, 1997).  WSU’s 
SCC used a CORR (Correlation) procedure of the SAS system to develop Pearson Correlation 
Coefficients to evaluate.  The SCC then went on using a CANCORR (Canonical Correlation) 
procedure to test the significance of the resulting correlation coefficients.   
The second analysis is a Factor Procedure, using the Principal Components Initial Factor 
and Varimax Orthogonal Rotation Methods, of the SAS system v. 9.3 (Cary, NC), also performed 
by WSU’s SCC, to determine the pattern of relationships among the measured variables.  This 
type of analysis helps one group variables based on their variance within a data set by allowing 
the development of a specific number of factors.  This procedure provides eigenvalues, which 
explain variability within a data set and are used to select a number of factors so that the total 
variability explained by the factors is a sufficient proportion of the total variability of the data 
set (Statistical Consulting Center, 2012).   
These eigenvalues are measures of variance explained in the vector space created by 
the analyzed factors (Urdan, 2010).  After the variables are examined, they are grouped into the 
selected number of factors based on correlations among them (Statistical Consulting Center, 
2012).  Urdan mentions that factors explaining less than 10% of the total variance of the 
analyzed set, having eigenvalues < 1, can be considered too weak for consideration.  The factor 
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process continues with the 2nd most correlated items, and then the 3rd most and so forth until 
the addition of factors account for less than 1/n of the percent increase in total variance 
explained, where the n stands for the number of variables, as a general guideline for 
determining the number of factors after analyzing a data set (Statistical Consulting Center, 
2012).  
 The grouping of the variables into Factor groups is based on a developed ‘Factor 
Loading’ value.  These values are similar to correlation coefficients and generally range from -1.0 
to 1.0.  The greater the value, either in a positive or a negative direction, signifies the 
importance of a variable belonging to a factor group.  A variable more defines the factor when 
having a value close to |1| (absolute value of 1 if negative), thus separating the factor from 
other factors.  Factor loadings below |.3| are not strong indicators of that factor (Urdan, 2010).  
WSU’s SCC statisticians would give most consideration to variables with factor loadings > |.5| 
with the highest loading value taking precedence.  This study will consider loading values greater 
than |3| as significant enough to group variables. 
 The Varimax Orthogonal Rotation Method was used to fine-tune these results by 
performing an operation following the Initial Factor Method, which helps to clearly separate 
variables, attributing them to specific factors (Statistical Consulting Center, 2012).  An 
orthogonal factor rotation maximizes the distinctions among the factors created from a set of 
variables (Urdan, 2010). 
5.  Loading Calculations 
 Using online flow data for locations at or near the sampled sites, estimated nutrient 
loadings were calculated to account for downstream dilution resulting in lower concentrations. 
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V.  RESULTS & DISCUSSION 
1. Data 
 Data tables in Appendix A, show the monthly results.  Most all the data generated by 
this study is graphed below.  Some data, while present in the tables following the graphs for 
statistical analysis reasons, was deemed invalid for serious consideration.  Such parameters as 
field-tested ammonia and nitrate and Ion Chromatograph (IC) analysis of phosphate are largely 
ignored except for brief mention in the statistical analysis section.  The ammonia values were 
very low when even detected, though a good thing for stream health.  The IC analysis of nitrate 
provided more consistent reliable results in contrast to that of the rough inaccurate field test for 
the same.  However, the IC did not provide reliable, if at all, measurements of phosphate.  Here, 
the total phosphorus digestion method provided the best results. 
 The graphs compare all five months of the sampling period together for one or two 
parameters.  The graphed data is listed in the order of the sample site number with the #1 site 
showing measurements at Little Miami River (LMR) mile 102 and the #23 site showing measured 
results at LMR mile 51.3 downstream.  Sites occurring on tributaries to the LMR are identified 
and do provide a slight interruption to the downstream progression of the sample site number 
increase.  Trend lines show gradual concentration changes in certain parameters as sampling 
occurred downstream, though some changes are due to the tributaries sampled near a Little 




       Duplicate Map 1: Site Locations 
 
a) General  Conditions 
 Certain parameters are more related to seasonal conditions such as dissolved oxygen 
and temperature, which then have a stronger effect on biological activity resulting in specific 
silica levels and Biological Oxygen Demands (BOD), and some are due to environmental 
conditions such as the pH, alkalinity, conductivity, and ion concentration based on local geology.  
Charts 1 & 2 show the Dissolved Oxygen (D.O.) values to average well above a healthy biological 
value of 8 mg/L, indicating a well aerated stream.  Silica is coupled in the same graph of D.O. to 
point out that less silica, as SiO2 , concentrations occur when D.O. concentrations are high, 
except in the urbanized tributary areas.  This could be an example of biological activity where 
the algae type diatom group is undergoing metabolism taking up silica for biological structure 
while giving off oxygen.  Temperature, Chart 3, is included for reference and basically shows 
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seasonal changes, though all months except April seem to indicate higher surface water 
temperatures in the downstream direction.  The pH seen in the 4th chart shows an average 
value of about 8 with a slight pH decrease in downstream sampling,  w/Sept. questionable .  The 
greatest Biological Oxygen Demands (BOD) occur in the warmer temperatures, seen in chart 5, 
with the exception of September data, showing the lowest values (data shown less than 1 mg/l 
is invalid per Standard Methods).  No very significant trends are seen in conductivity 
measurements, chart 6, though rises and falls in the values appear to be site specific. 
 




Chart 2: D.O. & Silica Oct & Nov 
 
 
The downstream lower concentration trend seen in the Alkalinity chart #7, appears to 
be somewhat misleading due to significant drops at tributary sites further downstream.  Those 
sites occur in high urban areas, which have lower HCO3
- concentrations.  The month of 
September shows the highest alkalinity concentrations as HCO3
- which would explain why this 
same month showed the highest pH measurements, though it is believed a calibration error 
occurred with the pH meter during the September month of sampling.  Possibly the pH meter 
was not that far off and higher pH readings would be expected regardless of any error.  As 
mentioned above the BOD values for September were the lowest of the sampling period and 
when looking at figures 17 & 18, this month also experienced the lowest flows.  This latter fact 
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coupled with a period of warmer weather may provide the reasoning for the huge differences of 
the September values for pH, alkalinity, and BOD in comparison to the other months sampled. 
Fluoride and Sulfate appear in charts 8 and 9, (the months Oct. and Nov. separate from 
the others so as to provide less chart clutter) to slightly track together as far as increases and 
decreases in concentrations except in the tributaries’ sites with high urbanization.  As 
mentioned earlier in this document, higher sulfate concentrations do occur in industrialized 
areas.  Site 18, where there is an increase in sulfate, as well as fluoride, reveals the most 
significant impacts on the LMR due to a specific Publicly Owned Treatment Work (POTW), 
known for the most part in this paper as a Water Reclamation Facility (WRF), discharge into a 
tributary that confluences with another tributary that eventually ends at the LMR.  The 
Montgomery County Eastern Regional POTW, or wastewater treatment plant; aka: water 
reclamation facility, discharges into the Little Beaver Creek, which sample site 18 represents, 
and flows to the Beaver Creek, a LMR tributary.  The sulfate increase in the warmer months is 
partly due to oxidation of the chemical sodium bisulfite, used to de-chlorinate excess free 
chlorine left over from pathogen reduction, at sites downstream of facilities that chlorinate.  
Some sulfate may be due to dissolution of Gypsum, which is present in geologic formations of 
the area.  Fluorite however, is not geologically significant of the area, but believed to be present 
by impurities in fertilizer applications (Devendra, 2012) as well as due to drinking water 
applications that eventually gets into the sanitary collection system leading to the WRFs. 
Calcium and Magnesium average out to have overall concentrations of 95 mg/l and 40 




Chart 3: Temperature in Celsius degrees 
 
 






Chart 5: BOD 
 
 












Chart 9: F & Sulfate for Oct & Nov 
 
 





Chart 11: Magnesium 
 
b) Nutrients 
Phosphorus trends for all the months do show consistent increases in concentration 
levels at most of the sites having water reclamation facility discharges just upstream of the site 
location, but only slight increases in the upper half of the study area.  The most significant 
phosphorus concentrations occur in the lower half of the study area, at sites affected by the 
Montgomery County Eastern Regional and Beavercreek Water Reclamation Facilities (WRFs), 
and to a lesser degree by the Waynesville WRF.  The very significant spike in phosphorus at site 
18 on chart #12 for the November month, when WRFs do not have to treat for phosphorus, 
really confirms these WRFs as being significant sources of phosphorus in the Little Miami River. 
The Total Phosphorus, as P, measurements at many ULMR watershed sites exceed the United 
States Environmental Protection Agency’s (USEPA) Maximum Concentration Limit (MCL) of 0.1 
mg/L for Total Phosphorus in rivers and streams (Mueller & Helsel, 1995), especially those 
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downstream.  Charts 13-17 compare this study’s Little Miami River phosphorus data with past 
USGS, EPA, & OEPA (the latter two from WWTP NPDES monthly discharge reports) on line P data on the 
Little Miami River (Agency U. S., 2010) (Ohio Environmental Protection Agency, 2012) (USGS, 
Waterdata.usgs, 2010).  Though not much data exists, it can be seen that phosphorus 
concentrations seem to be, overall, dropping since 1998.  The 2011 online data shows higher 
phosphorus concentrations similar to this study’s data as sampling occurs further downstream 
of WRF indirect and direct discharges. 
  
 




Chart 13: Phosphorus compared to on line data for Mar-April months 
 
 






Chart 15: Phosphorus compared to on line data for Aug & Sept. months 
 
 





Chart 17: Phosphorus compared to on line data for Nov. month 
 
 
The chart pattern for Nitrate-N is seen as being related  to POTWs/WRFs as observed in 
the next chart #18 to some degree.   Nitrate concentration increases are expected when 
sampling just downstream of wastewater treatment facilities since one of their functions is to 
convert ammonia to nitrate.  The trend in the chart 18 shows increases that do not correlate to 
all the location of sites just downstream of such facilities, though some increases exist with the 




Chart 18: Nitrate-Nitrogen 
 
   Charts 19 – 23 show a comparison of sites along the Little Miami River with USGS, EPA, 
& OEPA (the latter two from WWTP NPDES monthly discharge reports) (Agency U. S., 2010) (Ohio 
Environmental Protection Agency, 2012) (USGS, Waterdata.usgs, 2010) on line nitrogen data 
collected in the past (nitrogen generally listed as NO3
- + NO2
-  but placed on charts as NO3
- since 
nitrite is very reactive and almost immediately converted to nitrate, with little remaining NO2
- in 
the environment (Fetter C. W., 1999)).  No real trends in the on line data can be seen, though in 
October 2011 and November 2011 a correlation exists with this study’s data at the same river 
miles downstream, where the concentrations are a little higher following the WRF point source 




Chart 19: Nitrate compared to on line data for Mar. & Apr. months 
 
 





Chart 21: Nitrate compared to on line data for Aug. & Sept. months 
 
 









Maps 13 – 22, below, show phosphorus and nitrate concentration levels among all the 
sample sites for all the months of sampling.  Sites 18 & 19 show the highest concentrations of 
both parameters on the average.  Site 18 is on the Little Beaver Creek just prior to its confluence 
with Beaver Creek and downstream of the water reclamation facility Montgomery County 
Eastern Regional, though private company storm water runoff discharges do occur downstream 
of that facility but upstream of sample site 18.  Site 19 is just downstream of the Beaver Creek 
confluence with the Little Miami River and downstream of the Greene County Beaver Creek 
water reclamation facility (WRF).  The magnitude and frequency of the treated water by these 
WRFs would indicate they are the sources of the higher phosphorus and nitrate concentrations 
in comparison to any privately owned company storm water discharges, which are minimal, if 
not nil, during the mostly dry weather sample periods of this study. 
 Site 9, which is downstream of the Clifton WRF shows a sharp spike in nitrate in 
September and slight rises in most other months, and can be expected from wastewater 
treatment facilities performing their task of converting ammonia received from sanitary 





          Map 13: July Phosphorus 
 
 




          Map 15: April Phosphorus 
 
 





          Map 17: September Phosphorus 
 





Map 19: October Phosphorus 
 





Map 21: November Phosphorus 
 
 




Charts 24 – 28, show significant increases in the concentration of ions Cl-, K+, and Na+ as 
downstream sampling progressed.  The background  in chart #25, and an inset map in chart 26 
shows the magnitude of urbanization, color red, at further downstream sites influencing this 
trend.  This would be most indicative of winter season de-icing salt occurring from slowly 
migrating salt runoff, since storm water runoff is separate from sanitary sewer systems, 
theoretically, in the study area (OEPA).  This fact could help in determining the amount of 
influence by urban area runoff as compared to Water Reclamation Facility (WRF), also called 
Waste Water Treatment Plant (WWTP), discharges, since most significant WRF LMR impacts 
occur where the WRF is located in urbanized watersheds.  Chloride increases also occur 
unrelated to WRF location, though the greatest increase overall does occur at a site with a WRF 
discharge just upstream of it, site 18.  Some WRFs use sodium hypochlorite to control 
pathogenic conditions in warm weather National Pollution Discharge Elimination System 
(NPDES) permit discharges with a further requirement to reduce excess chlorine with chemicals 
such as sodium bisulfite.  The chloride increases at site 18 could be due mostly to chlorination 
but not for the increase seen at that site in November since chlorination ends on October 31, 
the beginning of the cold season in relation to NPDES permits. 
 
 Sodium and Potassium downstream trends follow that of the chloride ion though not as 





Chart 24: Chloride 
 
Map 23 below sums up areas of increased salt related ion concentrations with reference to a 
sub-drainage basin’s  LULC.  Residential areas show the consistent higher concentrations while 









Chart 25: Chloride chart compared to LULC 
 
 






Chart 27: K & Na for July 2009, Apr & Sept 
  
 




2. Water Chemistry 
a) Hydrochemical Facies   
 Utilizing the major anions (alkalinity [HCO3
-+ CO3
2-] , chloride [Cl-], and sulfate [SO4
2-]) 
and the major cations (calcium [Ca2+], magnesium [Mg2+], sodium & potassium [Na+ + K+], Piper 
diagrams, specialized graphs also called Trilinear diagrams, a hydrochemical facies classification 
example in Figure 3 below, (Back, 1966), (Drever, 1997), (Fetter C. W., 2001), (USGS, GW.Chart 
(Version 1.25.3), 2013) display the monthly water chemistry data of this study area in the 
following figures.  These diagrams show hydrochemical facies that are classified based on the 
dominant ions in the facies (Fetter, 2001).  Two lower triangle shaped graphs, also called ternary 
diagrams (Lee & Fetter, 1994), plot the percentage of the cations on the left graph, and plot the 
anions on the right graph.  The plots on the lower graphs/ ternary diagrams are then combined 
onto a diamond shape field between and above the lower graphs/ternary diagrams, which 
represents the overall water composition in consideration of all ions.  A USGS groundwater (GW) 
chart program made the plots on the diagrams after entering the major ions into the program 
(USGS, GW.Chart (Version 1.25.3), 2013).  This GW chart program also plots the Total Dissolved 
Solids (TDS) concentration, in mg/l, as the size of the site symbol used on the diagrams.  An 
estimation of the TDS values entered, were made  by totaling all the ion concentrations used in 
the GW chart program plus adding silica values measured for all months except July.  The 
sampled month of April 2010 is not included in this section since alkalinity was not measured for 
samples collected that period.     
 The diagrams in figures 4 – 11, below, display the Calcium Carbonate nature of the 
waters sampled in this Upper Miami River Watershed study, with a slight tendency for a 
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Magnesium Carbonate type to show dominance.  This expectation is due to the limestone and 
dolomite geology of the area.  See Maps 24 and 25 and Figures 27 and 28 in Appendix H. 
Trend lines, added in figures 5, 7, 9, & 11, show the Little Miami River (LMR) changing 
characteristics downstream, exclusive of the tributaries.  Changes in the downstream trend line 
direction occur in all seasons with respect to chloride, sodium, potassium, alkalinity, sulfate, and 
calcite.  All the plots for every month consistently show a percentage increase of chloride, 
sodium, and potassium ions in the LMR downstream direction.  The salt related ions are 
increasing in overall percentages of the ion total.  This trend of increased sodium, potassium, & 
chloride ion percentages shows in the downstream samples for all the months due to mixing 
and addition, the latter based on the downstream concentration increases seen in charts 24-28. 
Alkalinity percentages drop slightly and sulfate percentages drop a little more 
significantly along this downstream trend line, while significant percentage drops in calcium ions 
occur, in all the months.  However, a decline in alkalinity concentration is observed downstream 
within the study area, as plotted in chart 7 above and a sulfate concentration drop shows in 
charts #8 and #9.  Calcium concentrations are not decreasing in the downstream direction.   
Chart 10 shows calcium concentrations to overall remain stable, averaging out the same 
throughout the study area.  The PREEQC program revealed saturation indices greater than one 
for aragonite, calcite, dolomite, and hydroxyapatite for all the sample sites, revealing saturated 
conditions for the calcium ion (see Appendix G).  The decrease of alkalinity as well as sulfate in 
both percentages and concentration could indicate calcium carbonate and calcium sulfate 
precipitation.  The reduced concentrations of alkalinity also indicate a natural buffering affect 
occurring on acidic materials discharging from point and non-point discharges along the study 
path.  Since the study began near the Little Miami River headwaters, revealed anthropogenic 
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impacts occur as progressive sampling occurs within the watershed flow direction, such as an 
increase in salt content, from runoff due to winter de-icing practices. 
   Compositions that plot along a straight line in all fields of a Piper diagram 
indicate, strongly, that the samples analyzed are either mixtures of two end-members or the 
addition of ions.  In these graphs, the salts sodium chloride and potassium chloride show mixing 
or addition as a controlling mechanism for the composition of the study area water, since 
straight line plotting appears to occur among these ions.  Upstream waters are mixing well with 
downstream tributaries and base flow entries, with possible and probable addition of dissolved 
ions along the flow path. 
The concentrations of TDS gradually increase further downstream, a common expectation due 
to runoff and erosion as progression away from the headwaters occurs, seen in all but the July 
month, which had lower TDS values due to lack of silica measurements. 
  





Figure 4: Piper Diagram July 2009 
 




Figure 6: Piper Diagram September 
 




Figure 8: Piper Diagram October 
 




Figure 10: Piper Diagram November 
 




b) Mineral Stability 
 After considering activities or the ability to react, for specific ions measured in water 
samples from a study area, mineral stability relationships can be developed and plotted with 
respect to soil mineralogy for comparison to soils found in the area.  Activities of ions are based 
on their concentrations, the total ionic strength of other ions in the sample solution, and 
thermodynamic properties of the ionic components involved.  The calculated ion activity is an 
‘effective concentration’ that is used in hydrochemistry speciation calculations, more simply in 
computer programs, such as one called PHREEQC that can determine saturation indexes, specie 
phases present, modeling, as well as plot mineral stability diagrams, among many other 
hydrochemical functions.  The PHREEQC computer code generates activity coefficients after 
specific water analysis parameters are entered into the program, such as ion concentrations, pH, 
temperature, etc..  See Appendix G for one output file. 
In determining what soil minerals are most represented by the collected data, the 
program PHREEQC (USGS & Parkhurst, PHREEQC, 2013) was used for 2 mineral systems: {CaO-
Al2O3-SiO2-H2O} &{K2O-Al2O3-SiO2-H2O}.  A more user friendly graphical user interface program 
PHREEQC1 (USGS, PHREEQCI, 2002) was utilized to enter the data so the PHREEQC program 
could perform aqueous speciation modeling to produce mineral saturation indices based on ion 
association, while plotting mineral stability diagrams based on the  specific cation activity ratios 
and silica activity concentrations, also called ‘activity-activity’ ratio diagrams. 
 Silica was not measured on the July 2009 samples so an average of the other months for 
this parameter was used in order to produce July stability diagrams.  A similar situation occurred 
for the month of April 2010 where the parameter alkalinity was not measured and an average 
value from the other months was used to generate stability diagrams since this data was needed 
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by the PHREEQC program, which is a modeling program where values are commonly changed to 
view a program outcome.  The month of September had skewed results due to poor pH 
readings, leaving the October and November data results to be more complete and are the only 
months with unadulterated output files, the November month included in Appendix G, only one 
due to the excessive file length.  Each sample month is plotted on the diagrams in figures 12-16, 
& 19-23.  Specific site information below distinguishes LMR sites from tributary sites seen on the diagrams. 
NOTE: Lower site numbers represent upstream sampling and higher numbers represent downstream sampling, with #23 
being the smallest river mile, furthest downstream site sampled.  All but nine of the sites are on the Little Miami River.   
Site 2 = Lisbon Fork 
Sites 3 & 6 = North Fork of the Little Miami River 
Site 12 = Massie Creek 
Sites 15 & 16 = Beaver Creek (#15 is at a Beaver Creek wetlands discharge) 
     Sites 17 & 18 = Little Beaver Creek  (#18 is downstream of Montgomery County Eastern Regional  WWTP) 




 Figures 12-16 below show the activity-activity ratios of waters plotted on the CaO-Al2O3-
SiO2-H2O mineral stability diagram.  The July, April, and September diagrams are for information 
use to somewhat support the findings in the months October and November where sampling 
collection and analysis techniques improved.  These diagrams show that the upper Little Miami 
River catchment water chemistry is partially controlled by CO2 – Calcite – Kaolinite – Vermiculite 
equilibrium, see last paragraph of this section concerning Vermiculite and Ca-beidellite. 
 The October and November diagrams had better representation among the sample sites 
in this PHREEQC analysis, having all needed data by the program, showing more consistent site 
plotting.  Most sites plot nearer to the calcite solubility line for where the partial pressure of CO2 
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= 10 -2 atm, which is common  of soil carbon dioxide content,  meaning groundwater provides 
most of the water mix during these two months at the sites sampled (Drever, 1997).  The July 
2009 and April 2010 plots were closer to the atmospheric partial pressure of CO2 = 10 
-3.5atm, 
that of surface waters (Drever, 1997).  The average Little Miami River  and Massie Creek flows 
were much higher for these two months in comparison to October and November as seen in 
figures 17 & 18 (USGS, Waterdata.usgs, 2010), the closest flow gauging stations to this particular 
study area.  The higher flows would account for the bulk of the water mix being from surface 
runoff rather than groundwater, this considering that the Sept.-Nov. averaged silica and 
alkalinity concentrations values used for July and April, respectively, were close to actual. 
 Four sites in September did have good pH readings, while the rest for that month had 
unusually high pH readings causing the skewed results outlined by green on the diagrams.  
However, an interesting observation is seen among these four good pH reading sites; 15, 16, 18 
& 19 on the CaO-Al2O3-SiO2-H2O mineral stability diagram for September.  Sites 15 and 16 both 
plot closer to the partial pressure line of CO2 = 10 
-2 atm, which as stated above represents a 
groundwater characteristic, an expectation during the low flow month of September.  Sites 18 
and 19 plot above the atmospheric partial pressure line of CO2 = 10 
-3.5atm, indicating surface 
water.  These two latter sites are close to and downstream of WWTPs that provide a higher than 
normal percentage of the stream flow during low flow conditions.  A somewhat similar trend is 
seen on the October and November calcium system PHREEQC diagrams for sites 15, 16, 18 and 
21 (also not too far downstream of a WWTP) when considered by themselves. 
 Another important observation is that the sample points exhibit a pattern toward the 
Kaolinite/Ca-beidellite boundary.  This would indicate that Kaolinite/Ca-beidellite equilibrium 
could be the process that influences the silica concentration in the samples.  Ca-beidellite, 
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however, has not been identified in the local soils of the region where as Vermiculite has been 
found often in this area (Huang, 1992), and its mineral stability is similar to beidellite (p. 271, 
Drever, 1997).  The Ca-beidellite field could actually be Vermiculite. 
 





















Figure 17: USGS gage flow for Little Miami River near Oldtown Ohio  July 2009 – Nov. 2010 
 
 




 Illite, Kaolinite, and amorphous Al(OH)3 are common clay minerals in this region (Huang, 
1992).  Illite has crystal structure and chemical composition close to muscovite.  Aagaard and 
Helgeson published mineral stability diagrams that show the equilibrium relationships among 
Illite, Kaolinite, Montmorillonite, Gibbsite, and their solid solutions (Aagaard & Helgeson, 1983).  
The mineral stability diagram with ordered 2M, Muscovite structure is used here, since in this 
study the water samples all show Illite as a stable phase.  
The following figures 19-23, with the exception of the month of April, show all water 
samples plotted within Illite or Illite-Gibbsite or Illite-Kaolinite fields.  The November plot shows 
an upward left shift as downstream sites are plotted due to less silica content and increased 
potassium concentration as revealed in the November downstream trend chart in Chart 29, but 
water-soil equilibrium still control their solute activity ratio to be within the Illite/Gibbsite field.  
Overall, Illite – Kaolinite – Gibbsite equilibrium clearly influences the water chemistry in the 
upper LMR. 
 Sites 18 and 19 in the September diagram, and sites 18 and 21 in the diagrams for the 
final two months seem to indicate WWTP/WRF influence, since these sites plot together during 
these low flow months.  Their plots show more potassium concentrations occurring at these 


























Chart 29: upper Little Miami River downstream trend of Silica, Potassium, pH and Alkalinity 
 
PHREEQC Summary 
 The activities of the solutes that were calculated and plotted on Mineral Stability 
Diagrams using the PHREEQC and PHREEQI programs show most sampled sites to be in 
equilibrium with Kaolinite and Illite or an Illite mix.  Research like Huang’s (1992) found that 
kaolinite is a stable clay-weathering product of area bedrock units.  Huang found that kaolinite, 
vermiculite, illite, and amorphous clay are major constituents in the clay size fraction of the soil 
in a Sycamore Farm glacial till study, located in Montgomery County, not far from this study 
area, the closest soil study found (Huang, 1992).   
 While PHREEQC plots in the Kaolinite and Illite and Illite-mixes can be expected due to 
local geology, plots outside these fields could mean that other factors could be influencing the 
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water chemistry more than area minerals.  Sites that plotted in or near the Gibbsite phase of the 
diagrams may be more influenced by Land Cover/Land Use (LULC) characteristics of their 
drainage basins. 
 
3.  Statistics 
a) Correlation analysis 
The data obtained in a water quality study reveals chemical processes occurring within 
the study area.  The solutes measured within sampled solutions from a water body show 
concentrations resulting from water-soil-rock interactions due to various biological and 
physiochemical processes that influence these final concentrations.  The parameters measured, 
such as solute concentrations of anions and cations, reflect the processes going on in the 
environment being investigated, having correlations that a statistical analysis of the data finds.  
An example of this statistical analysis would show dissolution of road salt, NaCl, happening in 
the study area by correlating concentrations of Na+ and of Cl- with a 1=1 molar ratio, producing a 
correlation coefficient of 1.0, the highest correlation.  In this example, measured concentrations 
of these two ions in the samples would always increase or decrease together equally meaning 
statistically that they come from the same source, rock salt.   
Correlation coefficients are developed by the statistical analysis program used, which 
range from -1 to 1, the ones indicating the strongest possible correlations both negative and 
positive, while numbers closer to zero showing no correlation.  Significant Correlation 
Coefficient values in this study are those ≥|.2|.  Correlation coefficients in this study are not 
considered if less than the absolute value of .2 or in other words, coefficients in the range of > -
.2 up to <.2 .  Statistical analyses can show correlations among other parameters such as Land 
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Use / Land Cover percentages of watersheds compared to solute concentrations at pour points 
that the watersheds drain toward, helping to find major processes taking place within a system.  
In this upper Little Miami River watershed study, various statistical analyses were performed on 
all 5 months of data obtained in order to see correlations occurring thus showing relations 
among certain parameters.  The resulting correlations needed further investigation to see if they 
were meaningful, or able to be explained.  At times, graphs of apparent correlated parameters, 
plotted on opposite axes, are made to determine if they were indeed correlated together since 
the analysis can produce correlations that are just coincidental due to other parameters that 
were controlling the statistical analysis process.  An example of this is where temperature is 
correlating negatively as expected with dissolved oxygen concentrations but also correlating 
with another parameter such as conductivity in a positive direction.  Depending on the number 
of data values and on the magnitude of the values, the statistical analysis may consider 
dissolved oxygen correlating positive with conductivity when there actually is no relation. 
Nutrients 
As seen in Charts 30 & 31 & Table 2 below, which is a selection based on an Excel simple 
correlation, using the Corel function, comparing all data for all months  together, simple 
observations can be seen involving the nutrients nitrate and phosphorus.  Consistent 
correlations show a pattern among the two mentioned nutrients and land use land cover (LULC) 
types.  Weak (.2 - <.4), though somewhat significant,  to moderate (.4 - <.6) correlations show 
that the amounts of nitrate (NO3
- ) and phosphorus (P) detected at a sample point correlate to 
the watershed LULC type of the catchment area of the sampled pour point.  More NO3
- and P 
levels in the water bodies sampled relate positively to residential and high drainage type LULCs.  
This observation is contrary to the fact that watersheds with more Pasture and Row Crop area 
result in less amounts of NO3
- and P detected at their pour points.  Phosphorus levels are also 
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associated with how much the subwatershed is made up of Commercial, Industrial, and 
Transportation (Comm-Indu-Tran) type land use, though weakly, with correlation coefficients 
less than .3.  Moderately high correlations would range from .6 - <.8 and high correlations are 
considered to be any value .8 or higher, but only nitrate comes close to these upper ranges by 
correlating with phosphorus concentrations at a coefficient of 0.58.  This means that where 
higher concentrations of phosphorus are found, higher amounts of nitrate will be found there 
also.  (As mentioned earlier, nitrate field tests and phosphate Ion Chromatograph (IC) measurements 
were neither reliable nor accurate enough for serious consideration and are excluded from the charts, 
though still showing in some original statistical analysis results.) 
In the charts and tables  ‘ % ’ represents LULC values that were based on percentage of 
the watershed, whereas ‘ sqmi ‘  (square miles) represents those LULC values based on actual 
area of the watershed site being considered.  The correlation analysis included both watershed 
LULC percentage and area values should results be skewed due to smaller watersheds possibly 
being lopsided in having higher LULC percentages while having smaller LULC square mile areas 
(sq. mi.) in comparison to larger watersheds that have less percentage of a particular LULC type, 
while the sq. mi. area may still be high for that LULC type.  As an example, a small site delineated 
subwatershed may be mostly residential, thus having a higher percentage of that land use type 
but not showing a specific parameter correlation due to a small concentration of the specific 
parameter due to the overall smaller area involved.  A larger site delineated subwatershed that 
is mostly row crops, thus having a lower percentage of a residential land use, may show a 
correlation with the same specific parameter, having a higher concentration due to an overall 




See Appendix D for an Excel Correlation Matrix output of statistical analysis showing an 
example of highly correlated items from this study data. 
 
Chart 30: Excel Correlation Coefficients  N & P w/ BOD-Drainage class 
 
 

























Parameter at sample site 
Correlation Coefficients of Nutrients Nitrate & 
Phosphorus  

























Parameter of Sample Site 
Correlation Coefficients of Nutrients Nitrate & 












Parameter Nitrate (IC) Phosphorus (total) 
------------------------------ (Positive Correlation) -------------------- 
BOD  .22 
Bromide  .27 
Chloride .36 .45 
Comm-Indu-Tran % 
(sqmi) 
 .25            (.26) 
Degrees  (temperature) .32 .25 
Drainage Class  .36 
Nitrate (IC) -------------------- .58 
Potassium  .43 
Residential %            .21 .27 
Sodium .30 .42 
------------------------------- (Negative Correlation) -------------------- 
Pasture %        -.33 
Row Crops %        -.31 
Table 2: Selected Nutrients w/ correlations, ≥|.2|, using Excel's Statistical function: Corel. 
Values in (  ) based on area in square miles (sqmi). 
 
Similar conclusions can be made concerning phosphorus when comparing Wright State 
University (WSU) Statistical Consulting Committee’s (SCC) results from Statistical Analysis 
Software (SAS) testing on the same data, seen in chart #32 and table 3.  However, the Land Use 
Land Cover (LULC) parameter Grasses: Urban also showed a somewhat significant correlation 
of .27 with P (total) levels detected at the points representing the subwatershed.  The simple 
Excel Corel statistical function revealed a value less than .20 for the same and was not listed due 
to lack of significance.  Ammonia coefficients were too low for consideration as well in the Excel 
Corel analysis, but the WSU’s SAS analysis found one weak correlation with the Pasture square 
mile area category and is listed in the chart and table.  The WSU SAS analysis, however produced 
no significant (≥|.2| coefficients for salt related ions such as Br-, Cl-, K+, and Na+, in relation to 
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nutrients as seen in the Excel Corel statistical analysis, nor for the parameters: BOD (Biological 
Oxygen Demand), Temperature (Celsius Degrees), or  for  nitrate with phosphorus. 
 The WSU SCC SAS results showed no significant correlation w/ LULC and Nitrate levels, 
as indicated in Table 3. 
 
 









------------------------------ (Positive Correlation) ------------------------ 
Comm-Indu-Tran %    .24 
Drainage Class   .28 
Grasses: Urban %   .27 
Pasture .21   
Residential %              .33 
------------------------------- (Negative  Correlation) ------------------------ 
Organic Mass %   -.17 
Pasture %   -.30 
Row Crops %   -.30 
Texture (% of clay)   -.15 
Table 3: Selected Nutrients w/correlations, ≥|.2|, using SAS system by WSU SCC. 


























Parameter of Sample Site 
Correlation Coeffcients of Nutrients Ammonia, Nitrate & 







Land Use/ Land Cover (LULC) 
Four table boxes (in Appendix D:  2. WSU SCC Factor Analysis Notes) contain summary 
notes of correlation significance from 4 data sets of parameters (variables) processed along with 
10 Land Use/Land Cover types (observations) ran by Wright State University’s (WSU) Statistical 
Consulting Center (SCC) using the statistical program SAS’s CORR procedure.  Charts 33 & 34 & 
Table 4 summarize the significant correlations, i.e. those ≥ |.2|.  The WSU SCC required that the 
data be broken up into sets having 4 or 5 variables (various non-LULC parameters) processed 
against the 10 observations, which in this case are the ten LULC types observed in this study.  
Only 17 of the original 22 non-LULC parameters were selected for the SAS analysis and only 10 
of these had significant correlation coefficient results ≥|.2|. 
 
Chart 33: Significant Correlation Coefficients > |.2| results from WSU SCC SAS system, P, Silica, F
-



























Parameter of Sample Site 
Summary of Significant Correlation Coeffcients  resulting from 
comparing LULC with selected parameters  































Comm-Indu-Tran  .42  .34  .38  .24  .33 
Drainage Class  .65  .44  .55  .28  .22 
Grasses Urban .21 .46  .24  .40  .27   
Organic Mass         .31  
Pasture     .23  .21    
Residential  .60  .47  .61  .33  .26 
Row Crops         .300  
Texture-Clay %   .27      .33  
Negative Significance 
Comm-Indu-Tran         -.28  
Drainage Class         -.31  
Grasses Urban           
Organic Mass  -.62  -.36  -.52    -.28 
Pasture  -.29  -.29  -.34  -.30  -.40 
Residential         -.22  
Row Crops  -.61  -.43  -.57  -.30   
Texture-Clay %  -.62  -.35  -.51     



























Parameter of Sample Site 
Summary of Significant Correlation Coeffcients  resulting from 
comparing LULC with selected parameters  








The drainage class type, where a very well drained area has a higher numerical 
classification, also correlated well with the nutrients NO3
-and P, but Chart 35 & Table 5 below 
shows drainage class correlates positively very well with human populated areas.  This means 
that high or fast drainage conditions exist leading to increased overland flow runoff in the urban 
areas. 
 





























Specific LULC types statistically 
correlated to other LULC types using 
Excel's Corel function 
Comm-Indu-Tran %






 Some of the correlations observed are related to the drainage characteristic of the LULC 
type showing significant correlation with concentrations of certain parameters.  For instance, 
phosphorus, chloride, sodium, and potassium show a decent amount of correlation with 
residential LULC types.  This correlation means higher concentrations of these solutes are found 
in watersheds made up of more residential LULC as compared to other LULC types of 
watersheds.  The same solutes just mentioned, also show significant correlations with the 
drainage class category.  Significant correlations with the drainage class means the parameter 
correlating well with it would show a higher concentration at that watershed’s sampled pour 
point due to a higher ability for that watershed to drain, thus a higher drain class distinction.  
Drainage class ranks being higher in these urban areas contribute to the influence urban areas 
have on the transport of particular solutes such as salts and fertilizers providing excess nutrients 

























----------------------- (Positive Correlation) ------------ ------------ -------- ----------- 
Bare Mines %        (sqmi) .79  (.42) .46  (.45) .68   (.50)    
BOD    .22   
Chloride .46 .66 .56   .61 
Comm-Indu-Tran % 
(sqmi) 
--------------- .74  (.34) .83    (.24)   .76 
Grasses: Urban %   
(sqmi) 
.83 .88  (.21) ------------   .69 
Drainage Class  -------------    .81 
Forest: Conif %      (sqmi)    (.33) .43 (.20)  
Forest: Decid %     (sqmi) .68 .65  (.22) .77   .28 
OM average (rep)    .56 .87  
Potassium .29 .46 .29   .50 
Residential %         (sqmi) .76 .81  (.33) .69   ----------- 
Row Crops %    .64 ----------  
Silica .44  .26   .25 
Sodium .35 .53 .38   .65 
Sulfate     .28  
Texture (% of clay)    .43 .80  
----------------------- (negative Correlation) ------------ ------------ -------- ----------- 
Bare Mines %        (sqmi)    -.29 -.54  (-.40)  
Comm-Indu-Tran %   
(sqmi) 
---------------   -.70 -.89  (-.21)  
Chloride    -.38 -.65  
Fluoride   -.22 -.25   
Forest: Conif %      (sqmi) -.49  (-.36) -.42 -.58   -.39  (-.24) 
Forest: Decid %     -.60  
Grasses: Urban %   ------------- -.51 -.87  
Organic Mass % -.78 -.89    -.74 
Pasture %              (sqmi) -.70 -.52 -.51 ------------  -.72 (-.21) 
Potassium    -.35 -.46  
Residential %        (sqmi)    -.72 -.93  (-.20) ----------- 
Row Crops %         (sqmi) -.89  (-.37) -.91 -.87  ---------- -.93 (-.26) 
Sodium    -.39 -.58  
Silica     -.29  
Sulfate -.31 -.28 -.34   -.22 
Texture (% of clay) -.65  -.29   -.67 
Wetlands:Woody %       
(sqmi) 
-.51 (-.30)     -.28 
Table 5: Selected LULC & ions w/correlations ≥|.2|, using Excel's Statistical function:  Corel. 





Chart 36 & Table 6 below shows similar results with the above table in correlations 
dealing with the ions chloride (Cl-) and sodium (Na+) , as well as some potassium (K +) with 
respect to subwatersheds having human populated influences.  Salt runoff would be the 
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expected reason of these occurrences.  Such increases of Cl- and Na+ levels in populated areas 
due to winter weather deicing practices can also show the validity of these results, since these 
NaCl correlations would be expected. 
 
 
Chart 36: Significant Correlation Coefficients of LULC compared to chloride, potassium, and sodium using 










































Parameter of Sample Site 
Summary of Significant Correlation Coeffcients  resulting 
from comparing LULC with selected parameters  





















--------------- (Positive Correlation) ------------ -------------- -------- ----------- 
Calcium   .21    
Chloride .42 .65 .46   .59 
NH3    .21   
Potassium .34 .44 .24   .47 
Silica .33 .22 .13   .26 
Sodium .38 .55 .40   .61 
Sulfate     .30  
--------------- (Negative Correlation)     
Chloride    -.29 -.61  
Potassium    -.29 -.43  
Sodium    -.34 -.58  
Silica    -.40 -.18  
Sulfate -.28 -.31 -.20   -.22 
Table 6: Selected LULC & ions w/ correlations, using SAS system by WSU SCC. 
Source: SAS system results from WSU’s SCC dept. 
 
NOTE: Significant correlations were observed with High Drainage classes and Residential, Commercial-Industrial-
Transportation, and Grasses-Urban land uses/types, as seen in Chart 36 and Table 6.  Ion relationships with specific LULC 
types may be due to proxy, i.e. due to LULC types correlated significantly with other LULC types. 
b) Factor analysis  
The WSU SCC’s statisticians advised that the data set sample sizes provided by this study 
should have been larger for a proper Factor Analysis to be more meaningful; however, six 
analyses were performed despite the smaller sizes to observe the results (Statistical Consulting 
Center, 2012).  The SCC stated that valid results require the number of variables, the data set 
parameters, be limited to one tenth of the number of observations, the data set measurements, 
also known as cases (Urdan, 2010).  Only the Factor Analysis #6 Final Results, Table 7 below in 
the list of tables that follow, can be statistically valid by SCC standards, the analysis of a final 
modified data set: Final Report, consisting of 8 variables and 82 observations, where many sites 
were eliminated due to missing data, producing the best results.  The other data sets 1-5, lacked 
the proper 1/10 ratio of the variables to the number of observations, but are used to support 
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the valid results and did show some consistent patterns for discussion as well as provide 
information as to the selection of variables for the Final Report data set. 
The Factor Analysis procedure evolved in this upper Little Miami River (ULMR) 
watershed study as different variables were chosen and observations at sites with missing data 
were eliminated in successive analyses of the data obtained.  The 1st analysis, Table 8, only 
analyzed the variables that were not measured with the Ion Chromatograph (IC) but included 88 
observations with missing data for all the 10 variables.  The 2nd Factor Analysis involved most of 
the ions plus conductivity (since conductivity is related to ionic concentrations) and total phosphorus 
(since the total phosphorus analytical procedure is considered more reliable than the phosphate analysis 
procedure w/ IC) but only included 82 observations revealing the Factor grouping seen in Table 9:  
Factor Analysis #2.  Factor analysis #5, Table 12, also used only 82 observations as well due to a 
more complete data set thus eliminating most sites having missing data among the variables 
analyzed but included 12 variables, thus getting far from the validity of 10 observations per  
variable as a minimum required by the SCC.  Factor analysis #3, Table 10, still included 88 
observations as the #1 analysis.  The #4 analysis only consisted of 72 observations, Table 11, due 
to missing data of an 11th variable that needed to be factored in with 10 other variables. 
Boxes containing summary notes associated with the Tables of Analyses Results and 







FACTOR ANALYSIS #6: Final  
(From WSU SCC SAS system) 
 8 variables:  chloride, conductivity, fluoride, nitrate, phosphorus, potassium, sodium, 
sulfate. 
 82 observations 
 Used all sites having data for the variables analyzed during all five months of sampling.  
(July 2009, April 2010, September 2010, October 2010, and November 2010.) 
 Eigenvalues >1 obtained through the factor procedure identified 3 factors to be retained 
which explain for about 71% of the standardized variance. 
 Further factor analysis using a varimax rotation, revealed a variable pattern on the high 
loading parameters showing high positive and negative values which were > |.5| as seen 
in Table 7. 
 
FACTOR ANALYSIS #1 
(From WSU SCC SAS system) 
 10 variables:  alkalinity, ammonia, BOD, conductivity, dissolved oxygen, nitrate (field-
tested), pH, phosphorus (total), Silica (SiO2), temperature (Celsius), (all parameters NOT 
measured with IC). 
 88 Observations (SCC needs at least 100 for valid results w/ ten variables) 
 Used all sites having data FOR MOST OF the variables analyzed during all five months of 
sampling.  (July 2009, April 2010, September 2010, October 2010, and November 2010.) 
 Eigenvalues >1 obtained through the factor procedure identified 3 factors to be retained 
which explain for about 63% of the standardized variance. 
 Further factor analysis using a varimax rotation, revealed a variable pattern on the high 
loading parameters showing high positive and negative values which were > |.5| as seen 
in Table 8. 
 
FACTOR ANALYSIS #2 
(From WSU SCC SAS system) 
 10 variables:  Calcium, Chloride, conductivity, Fluoride, Magnesium, Nitrate, Potassium, 
phosphorus, Sodium, Sulfate, (8 OF 10 IONS tested using IC, compared also w/ 
conductivity and phosphorus (total)). 
 82 Observations  (SCC needs at least 100 for valid results w/ ten variables) 
 Used all sites having data for the variables analyzed during all five months of sampling.  
(July 2009, April 2010, September 2010, October 2010, and November 2010.) 
 Eigenvalues >1 obtained through the factor procedure identified 3 factors to be retained 
which explain for about 60% of the standardized variance. 
 Further factor analysis using a varimax rotation, revealed a variable pattern on the high 
loading parameters showing high positive and negative values which were > |.5| as seen 





ULMR Factor Analysis # 6: Final 
8 Variables --- 82 Observations 
LOADINGS Factor 1 Factor 2 Factor 3 
Potassium 0.85823 0.13703 0.19868 
Sodium 0.85586 0.20735 -0.17583 
Chloride 0.83915 0.25630 -0.11980 
Phosphorus 0.36212 0.81400 0.01522 
Nitrate 0.17023 0.80048 -0.02302 
Fluoride -0.03108 0.23923 0.76699 
Sulfate -0.10272 -0.15882 0.70285 
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               ULMR Factor Analysis #1 
10 variables---88 observations 
Variable Factor1   Factor2 Factor3 
Alkalinity .83165 -.23014 .03573 
pH .80950 .10494 -.03007 
Conductivity .77631 -.01489 -.05309 
Temperature Celsius .73558 -.38802 .20657 
Dissolved Oxygen -.18288 .83449 .16971 
Silica (SiO2) .29150 -.74742 .17111 
BOD .00349 .50955 -.21148 
Ammonia (NH3) -.12880 -.50172 -.32571 
Nitrate (non-IC) .18088 -.05915 .85315 
Phosphorus (total) -.15368 -.00598 .79212 
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Factor 1 Factor 2 Factor 3 
  Nitrate (non-IC) 
 Dissolved Oxygen  
Alkalinity   
pH   
  Phosphorus (total) 
Conductivity   
Temperature Celsius   
 BOD  
Silica (SiO2)   
  Temperature Celsius 
Nitrate (non-IC)   
  Silica (SiO2) 
  Dissolved Oxygen 
 pH  
  Alkalinity 
BOD   
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 Conductivity  
  pH 
  Conductivity 
 Nitrate (non-IC)  
Ammonia (NH3)   
Phosphorus (total)   
Dissolved Oxygen   
  BOD 
 Alkalinity  
  Ammonia (NH3) 
 Temperature Celsius  
 Ammonia (NH3)  
 Silica (SiO2)  
 
 




           ULMR Factor Analysis #2 
10 Variables ---  82 Observations 
LOADINGS Factor 1 Factor 2 Factor 3 
Sodium 0.85838 -0.09306 0.11021 
Potassium 0.85218 0.30886 -0.02192 
Chloride 0.84491 -0.05629 0.16327 
Fluoride -0.00933 0.71871 0.17999 
Conductivity  0.19869 0.66125 -0.20953 
Sulfate -0.30292 0.60681 0.14746 
Calcium -0.36383 -0.50705 0.34583 
Nitrate 0.30641 -0.12336 0.77259 
Phosphorus 0.54754 -0.02585 0.63363 








































Factor 1 Factor 2 Factor 3 
   
   
Sodium   
Potassium   
Chloride Fluoride Nitrate 
 Conductivity Phosphorus 
 Sulfate  
Phosphorus   
  Calcium 
   
Nitrate Potassium Fluoride 
Conductivity  Chloride 
  Sulfate 
Magnesium  Sodium 
   
Fluoride Phosphorus Potassium 
 Chloride  
 Magnesium  
 Sodium Conductivity 
Sulfate Nitrate  
Calcium   
  Magnesium 
 Calcium  
   
   
  






































FACTOR ANALYSIS #3 
(From WSU SCC SAS system) 
 10 variables: Alkalinity, Calcium, Conductivity, Degree Celsius, Dissolved Oxygen, 
Fluoride, Magnesium, pH, Silica, and Sulfate (A Select group mixing non-IC measured 
parameters w/IC measured ions). 
 88 observations (SCC needs at least 100 for valid results w/ ten variables) 
 Used all sites having data FOR MOST OF the variables analyzed during all five months 
of sampling.  (July 2009, April 2010, September 2010, October 2010, and November 
2010.) 
 Eigenvalues >1 obtained through the factor procedure identified 4 factors to be 
retained which explain for about 72% of the standardized variance. 
 Further factor analysis using a varimax rotation, revealed a variable pattern on the 
high loading parameters showing high positive and negative values which were > |.5| 
as seen in Table 10. 
 
FACTOR ANALYSIS #4 
(From WSU SCC SAS system) 
 11 variables:  alkalinity, Calcium, Chloride, conductivity, Fluoride, Magnesium, 
Nitrate, phosphorus (total), Potassium, Sodium, Sulfate. 
 72 Observations  (SCC needs at least 110 for valid results w/ eleven variables) 
 Used all sites having data for the variables analyzed during four months of sampling.  
(July 2009, September 2010, October 2010, and November 2010.) 
 Eigenvalues >1 obtained through the factor procedure identified 4 factors to be 
retained which explain for about 67% of the standardized variance. 
 Further factor analysis using a varimax rotation, revealed a variable pattern on the 
high loading parameters showing high positive and negative values which were > |.5| 
as seen in Table 11. 
 
FACTOR ANALYSIS #5 
(From WSU SCC SAS system) 
 12 variables:  Calcium, Chloride, conductivity, Fluoride, Magnesium, Nitrate, 
Potassium, phosphorus, Sodium, Sulfate, plus LULC Residential % area and Row Crops 
% area. 
 82 Observations  (SCC needs at least 120 for valid results w/ twelve variables) 
 Used all sites having data for the variables analyzed during all five months of 
sampling.  (July 2009, April 2010, September 2010, October 2010, and November 
2010.) 
 Eigenvalues >1 obtained through the factor procedure identified 3 factors to be 
retained which explain for about 60% of the standardized variance. 
 Further factor analysis using a varimax rotation, revealed a variable pattern on the 
high loading parameters showing high positive and negative values which were > |.4| 





Table 10: Factor Analysis results of 10 Select variables w/ 88 observations (Data Set 3) 
103 
 
     ULMR Study: 11 Selected Variables w 72 Observations for Factor Analysis (Data Set 4) 
LOADINGS Factor1 Factor2 Factor3 Factor4 
Potassium 0.87107 0.14970 0.00195 0.14207 
Sodium 0.86865 -0.22290 0.09350 -0.09315 
Chloride 0.86438 -0.17280 0.15423 -0.01645 
Alkalinity -0.00601 0.71611 0.07101 0.14824 
Flouride -0.10014 0.62230 0.18218 -0.02169 
Sulfate -0.08515 0.61781 -0.26203 -0.14401 
Phosphorus_P 0.52830 0.02681 0.67241 -0.01256 
Nitrate_N 0.40150 0.16933 0.65219 -0.05660 
Conductivity 0.34293 0.51429 -0.64483 -0.03030 
Magnesium -0.05788 0.07731 0.07207 0.89156 
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Table 12: Factor Analysis results using 12 variables w 82 observations 
Table 12 WSU SCC Notes:  
 Sulfate does not load strongly onto any of the factors, but shows the strongest loading onto Factor 2. 
 Potassium loads most strongly onto Factor 1, but also loads onto Factor 2 at a level higher than Sulfate. 





FACTOR ANALYSIS EXPLANATION 
  Due to the lack of observations available, the number of variables included in all six 
Factor Analyses had to be limited in the range of 8-12, though WSU’s SCC will only validate 
the 6th analysis having a proper variable to observation ratio of at least 1/10.  However, 
more understanding of how other variables group together other than the 8 in the 6th 
analysis needed to be obtained.  The remaining analyses mixed selected variables, some 
due to results from the valid 6th and FINAL analysis, to observe consistent explainable 
grouping patterns.  Some consistent variable groupings observed fit best in the following 
table with a discussion below.  Table 13 below groups the factor analysis results under 
selected headings for the groups. 
 
 





Alkalinity Ammonia (neg. 
relate) 
Nitrate Chloride 
Calcium BOD Phosphorus Potassium 
Conductivity    
Fluoride    





 pH Silica (neg. relate)   
Sulfate    
Temperature    
Table 13: Factor Analysis Grouping results (neg. relate: negative correlation relation) 
  
  The “Environmental Conditions” group makes general sense since the dissolution of 
carbonates, such as limestone and dolomite, increases alkalinity, and provides more total 
dissolved solids which changes conductivity and pH, with temperature affecting the rate of 
dissolution as well as pH measurements.  Alkalinity, as HCO3
- increases with increased 
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temperatures that allow more dissolution of carbonated salts, resulting in less hydrogen 
ion activity and thus higher pH values (Eriksson, 1985).   
Fluoride and Sulfate are included in this group since they factor together in all analysis 
as well as with Alkalinity, when included in the analysis, and also when considering loading 
values greater than 0.4 (some statisticians use lower values than WSU’s .5 cutoff (Urdan, 
2010)).  Fluorite and Sulfate being grouped together seems to be related to the 
environmental area influence of point source discharges from Waste Water Treatment 
Plant (WWTPs) (also called Water Reclamation Facilities (WRFs)) as seen in a following 
graphs, Chart 37 and Duplicate Charts 1 and 2.  If the levels of F- & SO4
2- were related to 
more weathering of Fluorite and Gypsum substrata, then they would have been expected 
to have been grouped with Ca2+ or Mg+ concentration levels. Factor analyses would show 
calcium ion concentrations factoring to some degree with sulfate ion concentrations if 
gypsum weathering was serious in this area per Brezonik and Arnold (Arnold & Brezonik, 
2011).  Geologically, Gypsum is not a major substrata of any kind found in the study area. 
Chart 37 and Duplicate Charts 1 and 2 show how increased fluorite and sulfate are 
detected, often, when sampling occurs downstream of WWTPs.  Fluoride may very well be 
related to the addition of Fluorine to drinking water and the Sulfate related to sodium 
bisulfite that chemically changes after neutralizing chlorinated wastewater, for the facilities 
that use it during the warmer months.  Not all WRFs chlorinate, thus not needing to de-
chlorinate with a sulfite that is oxidized to sulfate.  Wastewater discharges could have 
sulfate derived from the breakdown of gypsum construction products (Arnold & Brezonik, 
2011), obvious from construction project cleanups.  Fluoride sources may also be from 
impurities in fertilizers (Devendra, 2012) and sulfate sources have been known to have 
come from farm additives to aid field sulfur deficiencies (Belke, 2007), a concurring 
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observation seen in chart 33 and tables 4 & 5 which show a significant positive correlation 
of sulfate with delineated subwatershed percent area of row crops.  The graph in Chart 38 
following, shows negative downstream trends in the watershed study area when 
comparing the whole study’s fluoride and sulfate, averaged data, as a pair.  This 
downstream concentration trend is due to assimilation of these anions by the environment 
and/or simply due to dilution of incoming downstream cleaner waters, such as base flow 
from groundwater infiltration.  Chart 39 compares fluoride and sulfide on opposite axes 









Duplicate Chart 1: of #8 chart showing Fluoride & Sulfate for July 2009, April & September 
 
 






























































































































































Sites on Little Miami River or Tributary showing nearby Water Reclamation 
Facilities (WRF) 
 Sulfate & Fluoride  Averages 
upper LMR watershed  2009- 2010 
Sulfate-Average WRF just upstream







Chart 39: Sulfate vs Fluoride 
 
Alkalinity and the ions fluoride and sulfate seem to be controlling the conductivity in this 
study since these variables factor together well in the analysis while calcium factors, 
unexpectedly, opposite the conductivity measurements and would be expected to factor 
similar to the positive trend of the fluoride –sulfide paired chart.  Conductivity shows 
erratic plot patterns seen in the following graphs, Charts 40-42, when comparing various 
ions and parameters with conductivity measurements.  Though not included here, monthly 
plots were performed to see if bad monthly conductivity measures were throwing off, 
skewing, the factor analysis results, especially in relation to calcium, but the erratic plot 
patterns were the same. Conductivity also varies with temperature and increased alkalinity, 
which more than likely means more ions exist, and in a more excited state, to conduct 
electricity.  Others have found similar correlations (Liu, Tong, & Goodrich, 2000).  Of all the 
conductivity pair plots, only alkalinity plotted with a reasonable positive trend.   
 Carbonate dissolution due to limestone weathering takes dominance over dolomite 
















Fluoride in mg/L 
Sulfate vs Fluoride 
(all months) 
Sulfate (SO4




Calcium and Magnesium ions did not factor well at all in this final analysis together, so they 
were just combined in this group, which is only for some sort of explanation.   
 Calcium, negatively related to Conductivity in the factor analysis results, being factored 
regularly in with the Fluoride and Sulfate group is a mystery and cannot be explained 
except that of being a statistical error or related to analytical technique.  Factor results 
some times are unexplainable thereby causing it to be more sensible to ignore.  (Urdan, 
2010)  Phreeqc output data, located in Appendix G, shows that all the water samples are 
supersaturated with calcium and the concentrations show a level trend line throughout the 
study area as identified in Duplicate Chart 3 below.  Already shown and mentioned above, 
the conductivity values are rather erratic when comparing them to most other parameters 
though, with that of Alkalinity and Sulfate,  a significant positive trend exists while calcium 
shows a slightly negative trend line in chart 40 below.  The supersaturating of calcium may 
be preventing any decent trends to be observed since calcium is neither increasing or 
decreasing much in concentration and appears to average out overall.  Chart 43 shows how 
the calcium ion concentration remains stable when compared to alkalinity concentrations, 
revealing more evidence of a supersaturated state of calcium, neither dropping by 






Chart 40: Calcium & Sulfate vs Conductivity 
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Chart 42: Alkalinity vs Conductivity 
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The “Photosynthesis” group seems to be related to biotic activity since the BOD 
(Biological Oxygen Demand) is higher when Dissolved Oxygen (D.O.) is higher.  
Photosynthesis activities increase biomass, which results in eventual increased demands on 
available oxygen, while the photosynthesis process produces oxygen.  The Silica levels drop 
with higher D.O.s and that is believed to be due to Algal organisms such as Diatoms utilizing 
silica in their structures while producing oxygen (Eriksson, 1985).  The negative loading of 
ammonia in this group could be due to nitrification of any NH3 present, by nitrifying 
bacteria that also increase the system BOD in their aerobic processes.  Less ammonia, being 
present during these biotic activity levels could mean less impacts of contaminates that 
inhibit aquatic enhancements. 
 
  “Nutrient Release” is the best title to give the group that only has Phosphorus and 
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Though they factor most strongly together, high statistical loadings of these two variables is 
seen with the Urbanization group.  Residential Land Use shows the strongest statistical 
correlation with these two nutrients, but in the statistical correlation results a high 
Drainage class ranked significantly as well with Residential LULC, meaning such significance 
of the latter has a lot to do with being a high drainage area.  However, the Water 
Reclamation facilities (WRFs) reside within residential areas, point sourcing as nutrient 
loaders to the Little Miami River, along with non-point source loading pathways (Ohio 
Environmental Protection Agency, 2001).  This study concentrates on these two nutrients 
in particular within an emphasis on what land use/land cover type (LULC) provides the 
most statistical loading, which was found to be an urban type such as residential.  While 
this study can conclude, up to this point, that, an agricultural type LULC is not a major non-
point source of the nutrients phosphorus (P) and nitrate in the area of the Upper Little 
Miami River investigated, statistical analysis reveals P negative correlations with 
agricultural areas (charts 31, 32, & 33 and tables 2-5) , the WRFs’ discharges complicate and 
prevent the determination that an urban type environment is a major non-point source.   
  Nitrate, as nitrogen, levels are not of much concern in this investigation since none of 
the sample sites registered with concentrations exceeding the U.S. E.P.A. Maximum 
Concentration Limit (MCL) of 10 mg/L NO3-N found at the edges of agricultural fields (Ward 
& Elliot, 1995), the same as the MCL for drinking water (Mueller & Helsel, 1995).  Total 
Phosphorus-P (TP) levels measured at the sample sites of this study often exceeded the 
U.S. E.P.A. MCL of 0.1 mg/L for rivers and streams that do not directly discharge into lakes 
and reservoirs, for eutrophication control (Mueller & Helsel, 1995).  Further study required 
a rough evaluation of the total phosphorus loadings in pounds (lbs) per day, the parameter 
used by the Ohio EPA in monthly WRF discharge reports,  from the WRFs in comparison to 
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concentration levels measured upstream and downstream of where the most impact 
occurs from these  point sources.  Details, including nitrogen loading as a comparison, are 
discussed in a later section titled: Nutrient Loading. 
   
The ions Chloride, Potassium, and Sodium fit in the “Urbanization” group, representing 
the more human populated areas, an anthropogenic expectation.  Run off residue would 
include any de-icing material such as sodium chloride that is gradually worked through the 
watershed.  Lawn fertilizers would increase potassium levels, after storm water runoffs and 
move this minor nutrient through the watershed.  Residential percentage area of the 
subwatershed that supplies drainage to the sample sites, factored strongly with these three 
ions when included in the factor analysis, thus confirming this grouping.  If most potassium 
sources resulted from soil and rock weathering then it would not factor with chloride and 
sodium together in this setting where these latter two ions are accumulating downstream 
unrelated to weathering of source material.  In natural settings, sodium is less in 
abundance than calcium and magnesium (Faust & Aly, 1981) and many times in this study 
the sodium concentrations exceed that of magnesium.  Though infrequent, at particular 
sites, #18 for one, sodium levels exceed calcium as well.  These observations help the 
reasoning that sodium is accumulating unnaturally, despite its correlation with chloride. 
Chloride concentrations in natural environments are always less than that of sulfate and 
HCO3
-(Faust & Aly, 1981), and this ion exceeds sulfate levels many times in this upper LMR 
watershed study, especially at the farthest downstream site locations.  Sites 18 and 19 are 
especially notable for significant increases in chloride concentrations.  These sites are 
noted for impacts by major dischargers such as WRFS, also called Public Owned Treatment 
Works, aka Waste Water Treatment Plants, that chlorinate during the months of May thru 
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October, thus providing some of the chloride into the Little Miami River. However, chloride 
levels exceed those of sulfate many times during non-chlorination months.  This 
observation coupled with the unnaturally higher sodium concentrations leads to the 
reasoning that urban type LULC runoff is the source of the extra salts.  Chloride is very 
soluble and can be expected to accumulate along a water body from whatever source. 
 
 
4. Nutrient Loading 
a) Flow Derived 
Evaluating a watershed on measured concentrations alone can be misleading when 
dilution is occurring by increased flow due to added drainage downstream.  For instance, a 
downstream site may have a lower concentration then an upstream site of a particular 
parameter, but only due to a significant increase in flow downstream, whereas the overall 
loading of the parameter is actually higher downstream 
The following table 14 lists calculated loadings of total phosphorus-P (TP) from an online 
source, the EPA Discharge Monitoring Report (DMR) Pollutant Loading Tool (Agency U. S., 
2010) of the WRFs that directly or indirectly influence the sites with regularly increased TP 
concentrations measured as compared to the entire study area.  Two samples sites, 
numbers 11 and 22, were chosen for this loading evaluation due to their locations as also 
being USGS Gaging Stations, needed for flow rates of the Little Miami River (LMR), 
identified in figure 24 below, #03240000 @ LMR mile 80.6 and #03242050 @ LMR mile 
60.8 respectively.  Average WRF loadings, from WRFs located between sites 11 and 12, and 
flows were obtained for the days and times of sampling sites 11 and 22.  These sites were 
not sampled on the same day of the month so an average flow was used for the different 
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days, but flow patterns did not vary much due to the low flow steady state sampling 
methodology used.  Unfortunately, the gaging station at site 22 did not have online flow 
data for the sample days, but the US Army Corp of Engineers have historical gage heights at 
this site available online.  By using previous years of known flow measurements at that site, 
flows had to be estimated there based on gage heights at the time of the known flows 
provided by the USGS.  Site 22 was added later on in October as the sampling methodology 
evolved over the course of the study period making the rough loading evaluation limited to 
the months of October and November.  Calculations providing the loading results in the 
table are listed in the Appendix E.  The bottom line of table 14 demonstrates how much of 
an impact the WRFs have on the LMR in the area between study sites 11 and 22.  Taking 
into consideration of how much error may exist in the estimations of the loadings using the 
existing data, a conclusion can be inferred that a low insignificant amount of TP runoff is 
occurring in the study area, due to urban type LULC, when compared to WRF total 















Total Loadings of Phosphorus in Upper LMR watershed study 2010 
Location Oct. P Load lbs/day Nov. P Load lbs/day 
Site 11 22 18 
Site 22 73 135 
Beaver Creek WRF 23 88 
Eastern Regional WRF 32 112 
Glady Run WRF 7.9 5.4 
Cedarville WRF  .52 1.94 
Sugar Creek WRF 13 17 
Xenia Ford Rd. WRF 5 7.8 




Difference between Sites 11 & 
22 
51 117 
% contribution by WRFs  > 100 
 
> 100 























Figure 24: Schematic rep. of ULMR watershed showing USGS GAGE station locations (modified original from TMDL 




Using flow estimation values from an OEPA fact sheet associated with WRFs, rough 
estimates of flows were developed at sites between 11 and 23 for the days of sampling as 
used in the remaining charts of this section to show loading of phosphorus and nitrate-
nitrogen. 
  The following charts 44 and 45 show the October and November phosphorus loadings 
significantly increasing as flows estimated at the sites increase while the concentrations do 
not increase similarly at the same rate. 
 
 







Chart 45: Nov P loading @ sites 11-23 
 
 
 Chart 46 below compares the Oct. and Nov. phosphorus loadings calculated using the 
estimated flows at the sites shown, with the accumulated WWTP (WRF) loadings obtained from 














 Charts 47-49 show the estimated values for Nitrate-N derived in the same manner as 





















 Chart 50 below compares the phosphorus estimated loadings with 3 land use land cover 
(LULC) modified types: ‘Urban’, ‘Agricultural’, and ‘Other’.  The ‘Urban’ type is a combination of 
the Ohio official residential, commercial-industrial-transportation, and urban grass types.  The 
official row crops and pasture types were combined to form the ‘Agricultural’ modified type.  All 
remaining official types, such as all forests, mines, water bodies, etc., are combined into the 
modified type ‘Other’, which as seen in chart 50 makes up a significantly smaller portion of the 
overall LULC area of the study drainage basin.  This chart show how urban LULC types strongly 
affect phosphorus loadings measured in nearby water bodies.  The same can be said in this 
study concerning nitrate nitrogen, chart 51, though the water reclamation facility discharges are 












Chart 51: Oct & Nov Nitrate-N loading vs LULC % 
 
b) Wastewater Treatment Discharges Removed 
Due to the significant influence of the WRFs in the area, LULC contributions could not be 
determined with these point sources providing a great amount of the parameter evaluated 
through their treated wastewater discharges.  A method to separate the point source influences 
from the non-point/LULC type runoff influences in the LMR, requires the measuring of river 
flows at the sample sites to determine parameter loadings occurring in the river at those specific 
locations.  However, measuring flows at the sites in this study was not feasible, so estimating 
flows using online data allowed for the calculation of estimated loadings at the site locations.  
Available online WRF discharge monitoring report loading data then is subtracted from the 
sample site estimated loadings to determine non-point source loadings to be used for LULC 
evaluations.   
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Accumulated upstream WRF loadings were subtracted from the site loading values 
developed in the previous loading section based on estimated flows that could be determined.  
Phosphorus loading balances that remain positive are listed in Table 15 below, now separated 
from WRF influence, and graphed on LULC square mile area comparison graphs 52 & 53 that 
follow  (LULC percent area graphs did not trend as well).  Only the LULC types that showed 
matching trends with these recalculated loadings are shown plus that of the residential LULC 
type.  The latter shows that residential LULC does not have as much impact on phosphorus 
loadings, in contrast to that of the Agricultural types;  Row Crops & Pasture, as well as that of 
Urban Grasses, Commercial-Industrial-Transportation (Comm-Indu-Tran) and Deciduous Forest 
LULC types.  Fertilizer runoff can be expected to be the source of the phosphorus from the 
agricultural & grasses LULC types while the Comm-Indu-Tran LULC type would allow faster 
drainage paths for phosphorus to get into the nearby streams.  The Forest LULC trend with these 
removed WWTP phosphorus loadings correlates coincidently due to a countryside non-urban 
nature of the agricultural spatial environment, where forest areas increase along with 
agricultural area increases, since no significant contribution of phosphorus is expected from 
forests. 
 
Phosphorus (P) loading in pounds /day after subtracting upstream WRF P loadings, where 
upstream WRF loadings did not exceed the loadings measured at the sites 
Site location October November 
11 10.7 3.3 
12 1.4 1 
13 8.4  
14 7.4  
15 .9 .7 
16 1.5 .7 
17 .2 .4 
20 2.1  





Chart 52 : Phosphorus Loading compared to Residential, Forest (Decid.), & Row Crops LULC w/o WWTP loadings 
 
 





 Similar findings show nitrogen, as nitrate-N, loadings to also trend the same as 
the phosphorus loadings in comparison to LULC as seen in the following charts 54 & 55, 
at the sites listed in Table 16   below. 
Nitrogen (NO3-N) loading in pounds /day after subtracting upstream WRF Nitrogen (NO3-N) 
loadings, where upstream WRF loadings did not exceed the loadings measured at the sites 
Site location October November 
11 95.1 168 
12 39 16 
13 39.2 139 
14 73.7 227 
15 7.8 12 
16 103.6 9.3 
17 3.2  
20   
  Table 16: Sites w/ Nitrogen (NO3-N) loadings greater than WRF loadings upstream. 
 
 




Chart 55: Nitrogen loadings compared to ComIndTran, Urban Grasses, Pasture LULC w/o WWTP discharges 
 
Conclusions can be made that once WRF discharges are eliminated from the evaluation, 
agricultural and urban grasses LULC types provide the major sources of phosphorus and nitrate-
nitrogen, in the part of the study area where the site calculated phosphorus & nitrogen 
loadings were not exceeded by upstream WRF accumulated loadings. 
Attempts to create LULC production coefficients using the original concentration 
measurements as well as the estimated non-point source loading values were unsuccessful in 
providing conclusive results.  Downstream dilution and the lack of proper data due to WRF 
discharge influences, which eliminated many sites for production coefficient evaluations, 
prevented any success in this area.  One major concern with LULC production coefficient 
development is the assumptions that all LULC types of watersheds contribute some portion of 
the parameter that the coefficient is being created for.  As seen is this study, some LULC 
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characteristics statistically correlated negatively  with specific parameters, which would imply 
some watersheds act more like sinks, collecting, rather than releasing the material under 
consideration.  Production coefficients could show which LULC type contributed the greatest 
amount of nutrient.  The above graphical method provides an alternative method in showing a 
LULC type’s nutrient  (P & NO3-N) contribution but only in one area of the studied upper Little 
Miami River watershed, as indicated by the site numbers in the graphs. 
 
VI. CONCLUSIONS 
Achievement of this study was reached in determining the general water quality of the 
upper section of the Little Miami River watershed, with respect to water chemistry and 
determining what type land use/land cover (LULC) watersheds’ characteristic had the most 
unnatural impact on the Little Miami River (LMR) in this area.  The major ion chemical analyses 
are more reflective of groundwater and its influence by the local soil mineralogy as well as by 
the limestone and dolomite geologic conditions as indicated by the PHREEQC program analysis 
and the Piper diagram data plotting.   Significant observations of phosphorus and salt are 
detected in urban type LULC areas, with the phosphorus related to WRF (Water Reclamation 
Facility) point source discharges that strongly influence the LMR measurements, especially so, 
considering that the sampling in this study was performed during non-storm events.  The 
increased concentration levels of phosphorus, sodium, and chloride do not reflect the local 
geology.    
Dry weather conditions have shown wastewater treatment plants’ (WWTP) discharges 
to affect water quality in urban LULC watershed areas during low flow conditions in other 
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studies (Rowe & others, 2004).  It is not surprising to find a site such as number 18 in the study 
area being downstream of the largest WRF discharger in the study area, Montgomery County 
Eastern Regional, which discharges into the Little Beaver Creek, providing most of the dry 
weather flow of this creek, and this flow is mainly treated sanitary water supplied from another 
watershed, the Great Miami River watershed, which includes the Mad River.  Such discharges 
can be considered contributing zones, which can affect water quality more so than the overall 
stream watershed, indicated by Wang and Yin (Wang & Yin, 1997).  Eriksson stated that streams 
do not influence water chemistry to any high degree except for some precipitation and nutrient 
uptakes (Eriksson, 1985).  As an example, Eriksson mentions that lower stream fauna such as 
mollusks and foraminifera species aid some calcium carbonate precipitation.  SiO2 is also taken 
up by precipitation into certain algal species’ structures i.e. diatoms.  Eriksson further states that 
watercourses such as rivers and streams provide a complete mixing of all discharging waters 
creating a homogeneous chemical water composition.  Therefore, the natural water chemistry 
results from weathering of local geological characteristics including soil make-ups and biological 
activity of the local environment .  Any unexpected analysis would be due to unnatural impacts 
such as those from anthropogenic sources, of which in this study the most significant unnatural 
observations would be the phosphorus and salt levels.   
This study concludes that much of the nutrients such as phosphorus  and nitrate in the 
upper LMR watershed results from WRF point source discharges and the sodium and chloride 
come from urban type runoffs.  The greatest unnatural impacts in this study area are traced to 
urban type LULC areas, based on percent area with reference to the statistical correlations, so 
much so that agricultural type LULC impacts, though as overall square mile area in contrast to 
the percent area , could only be seen in a limited smaller section of the whole study area.  All 
evaluations , zonal and correlation statistics, as well as rough loading evaluations and actual 
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concentration measurements, confirm that WRFs are the primary sources of phosphorus while 
agricultural and urban grasses type LULC areas are secondary sources.  The nutrient nitrogen, as 
nitrate, also is supplied mainly by the WRFs, though not in significant amounts while secondary 
sources appear to be co-shared by urban grasses and agricultural LULC type subwatersheds.  
Nutrients are found to be a primary origin of degradation issues associated with the quality of 
water within rivers, lakes, and estuaries as stated by Munn (Munn & Hamilton, 2005).  This 
study investigated whether urbanized or agricultural areas provided a substantial amount of 
phosphorus (P) and nitrate (NO3) by way of non-point runoff, especially in the lower section of 
the study area, but the loadings by the WRFs roughly calculated to make up 100% of the P and 
NO3 loadings measured in the LMR watershed at many of the sites where nutrient loading could 
be estimated.   In the sections of the study area where it was possible to separate the WRF 
nutrient upstream loadings from the site loadings, graphical trends show square mile area, NOT 
percent area, of Urban Grasses, Commercial-Industrial-Transportation (Comm-Indu-Tran), Row 
Crops, Pasture, and Deciduous Forest LULC types to positively correlate with the amount of 
nutrient detected at a sub watershed’s sample site.  The Comm-Indu-Tran LULC positive trend is 
believed related to increased drainage allowing quicker and greater nutrient pathways to local 
streams.  The Forest LULC connection is most likely only a coincidental pattern related to 
country non-urbanized areas where most agricultural LULC is located.   
Downstream, the LMR assimilates, some due to dilution by drainage increases, the Urban 
LULC supplied phosphorus, which includes contributions from the point source discharges, since 
the levels eventually drop off, that and/or sorption to soil particles is occurring for later 
mobilization after storm events.  Others have found increased total phosphorus levels in urban 
areas in LULC vs water quality studies.  Holloway noticed increased levels of phosphorus, as well 
as ammonia, in such urban areas compared to agricultural areas, with forested areas having the 
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lowest.  In her study, Holloway mentioned that a study by Sliva et al. (2001) also found urban 
land cover type watersheds had the greatest effect on water quality as compared to agricultural 
land cover type watersheds which showed the greatest effects in other studies (Holloway, 
2005), such as in a 1997 study by Sliva et al, where it was noticed that higher nitrate levels 
happened in late winter and early spring due to fertilizer applications (Sliva & Williams, 2001).  
While the nitrate levels in this study area are greatly influenced by point source discharges of 
Water Reclamation facilities (WRF), the levels are not exceedingly high.  None exceeded the 
Maximum Concentration Level (MCL) recommended by the USEPA, though this MCL relates to 
human drinking water while doubling as a start with eutrophication prevention related to 
nitrogen.   
Significant downstream trends show increased sodium and chloride levels especially in 
urban areas, believed related to Residential , Commercial-Industrial-Transportation, and Urban 
grass LULC area runoff.  Jarvie (Jarvie, Oguchi, & Neal, 2002) states that the chloride anion, as 
well as the sulfate anion reflect the whole watershed area due to their high solubility, 
conservative, and non-reactive natures.  Urban spatial characteristics of the study area give rise 
to the expectation of downstream increases in these anions, though in this study such is not the 
case with sulfate.  
The ARC-Global Information System provided zonal statistics that when coupled with the 
water quality measurements, allowed a statistical analysis to reveal LULC patterns related to 
these just mentioned parameters.  More weathering of soils and rocks may be occurring in 
urban areas due to excessive hydrogen ions that were provided by root zones from uptake of 
cations of vegetation long since removed.  This scientific fact could provide a reason sodium and 
potassium levels rise in urbanized areas due to further soil particle breakdown, but the chloride 
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levels correlate too well in the statistical analyses with these two cations and the geology of the 
area does not support the chloride levels.  Though the road salt used for winter de-icing is 
showing up downstream, no environmental impacts are known as causing aquatic stress from 
the increased salty concentrations.  Using the simple sodium-adsorption ratio, SAR method of 
evaluating high-sodium dangers per Richards (Richards, 1954), SAR values for the furthermost 
downstream sites 22 and 23 for October and November ranged from 8.3- 9.4 (formula and 
calculations are in Appendix E).  According to  Fetter (Fetter C. W., 2001) SAR values in the range 
of 2 -10 show little dangers from sodium in water that would be used for irrigation, where soil 
particle breakdown could occur if the values were much higher, such as in the range of 11-26. 
Groundwater transport of phosphorus is becoming an increasing concern as stated in a 
paper by Domagalski and Johnson (Domagalski & Johnson, 2011).  Though it is well known that 
phosphorus sorbs onto aluminum and iron oxides, clay minerals, as well as calcium carbonate as 
others’ research dictates (Domagalski & Johnson, 2011), but as Domagalski and Johnson state, 
the sorption is based on various factors such as pH and chemical equilibrium especially in the 
unsaturated zone.  They say that unsaturated zone, groundwater, and streambed materials 
coupled with the water chemistry are expected to affect the transport of or immobilization of 
phosphorus.  In their study of five areas in the United States, phosphorus was found to be 
transported below the root zone to the unsaturated zone and through an aquifer underlying an 
agricultural environment.  Their study showed that phosphorus could be transported in elevated 
concentrations or loadings in groundwater to receiving streams when phosphorus is not entirely 
taken up by plant tissue or where soil chemistry does not favor precipitation or sorption.  
However, in one of their study areas, Indiana, having a geologic setting nearly the same as this 
upper Little Miami River watershed study, orthophosphate concentrations, the parameter of 
choice for groundwater in their study, were low to undetectable in the measured aquifer 
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showing that phosphorus transport to a stream to not be of concern.  Domagalski’s and 
Johnson’s stated reasoning for the low Indiana phosphorus detection is due to the effective 
sequestering of this nutrient by the clay and carbonate chemistry of the root zone in this area.  
Such information leads to the conclusion that groundwater transport of phosphorus in the Little 
Miami River watershed is also not to be of any concern based on sorption abilities by local 
geologic conditions. 
  Storm water catchment basins do slow down residential impacts from storm related 
runoffs but the increasing salt concentrations downstream show non-point urban runoff is still 
significant.  An OEPA MS4 (Municipal Separate Storm Sewer System) Program, which provides 
storm water runoff protection guidelines, does not list the Little Miami River watershed with 
streams identified as being at risk due to development and associated  land use impacts on 
water quality, as stated on the web site listing ‘at-risk’ state watersheds (Agency O. E., 2014).  
Total Maximum Daily Load limits imposed by the Ohio EPA are working overall in this area of 
study.  Phosphorus levels are lower compared to 2 or 3 decades ago.  Riparian stream bank 
improvements and buffer zone placements in agricultural and pasture areas obviously are 
performing well, since in this study less nutrient detection from fertilizers occurred in LULC site 
subwatersheds associated with these characteristics. Further studies would be needed to 
determine how well the upper Little Miami River watershed performs aquatically as urban 
development expands in the area.  Some data in this study can provide baseline information for 
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July 2009 1 of(2 pages) 
sites Alkalinity (HCO3
-) mg/l BOD (mg/l) Cond. (mS/cm) D.O. (mg/l)  P total (mg/l) 
Br-  mg/l  
(IC) 
1 343 2.8 0.677 9.0 0.35 na 
2 359 3.1 0.684 10.6 0.19 0.02 
3 354 3.5 0.655 9.4 0.22 0.03 
4 347 3.3 0.691 10.2 0.38 0.03 
5 344 4.5 0.660 10.4 0.34 0.03 
6 317 5.0 0.655 9.7 0.31 na 
7 348 3.8 0.699 10.3 0.19 0.13 
8 139 3.5 0.632 9.4 0.30 0.02 
9 330 4.4 0.615 10.3 0.18 na 
10 273 3.3 0.619 9.6 0.37 0.06 
11 375 4.3 0.574 10.5 0.37 na 
12 296 0.2 0.639 6.7 0.18 0.03 
13 288 5.2 0.595 10.5 0.34 0.25 
14 229 3.5 0.716 9.9 0.18 0.06 
15 406 5.2 0.791 9.7 0.11 0.04 
16 326 2.4 0.671 6.9 0.15 0.05 
17 188 5.7 0.859 7.6 0.2 0.04 
18 291 3.6 0.969 9.8 0.61 0.07 
19 282 4.1 0.382 9.5 0.60 0.05 
     
  
sites pH NH3-N (mg/l) Silica-SiO2 (mg/l) Temp. 
o C Mg2+  mg/l  ( IC) 
1 7.7 0.13 na 17.2 36 
2 7.8 0.09 na 17.3 38 
3 7.6 0.12 na 17.2 37 
4 7.7 0.09 na 17.4 38 
5 7.8 0.11 na 20.4 36 
6 7.8 0.14 na 21.4 36 
7 8.0 0.13 na 20.5 37 
8 7.9 0.17 na 21.4 36 
9 8.0 0.42 na 21.0 35 
10 8.0 0.11 na 21.2 35 
11 8.0 0.15 na 21.7 34 
12 8.1 1.30 na 21.2 37 
13 7.9 0.47 na 21.1 35 
14 7.9 0.12 na 20.1 39 
15 7.7 0.13 na 20.9 38 
16 7.4 0.16 na 18.1 33 
17 7.4 0.30 na 23.5 na 
18 7.5 0.10 na 18.6 36 






























sites Ca2+  mg/l   (IC) Cl-   mg/l  (IC) F-   mg/l  (IC) K+  mg/l (IC) 
1 86 20 0.4 1.2 
2 87 25 0.4 1.6 
3 86 26 0.38 1.3 
4 88 27 0.5 2.0 
5 90 23 0.3 2.3 
6 87 30 0.2 2.4 
7 96 39 0.3 1.8 
8 87 25 0.3 1.9 
9 83 25 0.3 1.4 
10 84 27 0.3 2.7 
11 82 26 0.3 3.0 
12 87 29 0.3 1.2 
13 83 29 0.3 3.3 
14 94 38 0.2 6.1 
15 94 89 na 2.8 
16 86 58 na 2.6 
17 na 95 na na 
18 81 183 0.4 6.4 
19 81 70 0.3 4.5 
 
        
sites Na+  mg/l (IC) 
NO3
- -N mg/l  
(IC) SO4
2- mg/l ( IC) 
 1 44 5.4 43 
 2 10 3.7 44 
 3 43 2.9 51 
 
4 12 4.9 44 
  IC = Ion Chromatograph 
analysis 
5 10 5.1 40 
 6 12 2.2 46 
 7 15 3.2 38    ** = inaccurate results,  
8 11 4.4 39      i.e.: pH meter believed  
9 35 4.9 37      to have lost calibration. 
10 12 4.9 35 
 11 12 4.9 33 
 12 37 5.1 50    n.a. = not available,  
13 13 5.0 38      due to no reportable or  
14 21 1.3 65      too low of data to record.      
15 41 1.3 33 
 16 27 0.5 24    Not all 23 sites sampled 
17 59 0.7 23 
 18 89 6.4 52 
















2 2.1 0.661 14.3 0.07 0.00 124 
4 2.5 0.683 16.3 0.08 0.00 13 
5 2.1 0.688 12.2 0.07 0.00 144 
7 1.8 0.035 11.3 0.03 0.00 148 
8 2.5 0.693 12.5 0.03 0.00 153 
9 2.1 0.668 11.3 0.03 0.00 148 
10 1.6 0.678 12.3 0.05 0.00 152 
12 2.5 0.701 13.6 0.07 0.00 148 
13 2.0 0.681 14.0 0.07 0.00 148 
14 2.1 0.714 12.1 0.06 0.00 147 
16 2.6 0.692 14.1 0.27 0.00 146 
19 2.1 0.855 12.2 0.23 0.00 149 















2 8.3 0.01 1.7 14.9 55 53 
4 8.5 0.01 4.0 16.5 na na 
5 8.3 0.00 3.7 13.5 42 10 
7 8.4 0.00 4.4 13.4 42 13 
8 8.3 0.00 4.9 14.3 42 46 
9 8.4 0.00 4.3 13.2 43 13 
10 8.5 0.00 5.2 14.4 41 10 
12 8.5 0.07 3.6 14.2 42 13 
13 8.5 0.04 3.7 13.5 42 17 
14 8.3 0.02 3.3 13.0 42 15 
16 8.4 0.32 5.9 11.8 42 17 





April 2010 (page 2 of 2) 
sites Cl- mg/l (IC) F-mg/l(IC) K+mg/l(IC) ** 
2 25 0.00 0.9 
4 33 0.00 na 
5 25 0.00 0.3 
7 30 0.00 0.2 
8 36 0.00 0.5 
9 31 0.00 0.3 
10 37 0.00 0.2 
12 37 0.00 0.4 
13 38 0.00 0.2 
14 44 0.00 0.2 
16 35 0.00 0.2 
19 89 0.00 0.3 
    
sites 
NO3







2 3.1 57 
 IC = Ion Chromatograph 
results. 
4 3.7 60 
 
5 3.3 60  ** =  Inaccurate    Results.           
7 2.9 62 
 
8 2.8 60 
 n.a. = not available, due to 
not 
9 2.9 57  being reportable or  
10 2.8 49 too low to record. 
12 2.8 70 
 
13 2.8 57  No Alkalinity nor field Nitrate 
14 2.8 57 
            measurements 
performed. 
16 3.4 35 
 














sites Alkalinity (HCO3 mg/l) BOD (mg/l) Cond. (mS/cm) D.O. (mg/l)  P total (mg/l)
1 451 1.5 1.284 7.5 0.12
2 407 1.8 1.330 10.5 0.08
3 385 1.5 1.224 6.4 0.08
4 365 2.4 1.216 17.5 0.17
9 354 0.1 1.146 10.0 0.07
10 353 1.0 1.147 9.7 0.12
11 401 1.1 0.694 9.3 0.19
12 357 10.0 1.274 9.6 0.03
13 387 n.a. 0.670 10.6 0.17
14 359 1.2 1.193 9.7 0.16
15 460 1.2 0.703 5.3 0.11
16 424 1.5 0.719 7.7 0.05
18 292 1.2 0.965 8.1 0.32
19 388 0.9 0.918 7.6 0.31
sites pH ** NH3-N (mg/l) Silica-SiO2 (mg/l) Temp. 
o C
1 9.7 0.04 12.4 14.4
2 9.1 0.02 6.4 16.2
3 9.6 0.02 7.5 16.0
4 10.0 0.03 5.9 18.3
9 11.2 0.04 6.7 14.2
10 11.0 0.00 8.1 14.5
11 9.8 n.a. 8.4 17.7
12 11.2 0.00 7.1 14.3
13 9.6 14.40 7.8 17.9
14 11.0 0.00 7.6 15.2
15 7.5 0.00 10.9 18.1
16 7.6 0.00 10.7 19.5
18 8.2 0.00 8.2 18.7




September 2010  (page 2 of 2) 
 
Sites Br-  mg/l  (IC) 
Ca2+  mg/l   
(IC) Cl-  mg/l  (IC) F-  mg/l ( IC) K+  mg/l   (IC) ** 
1 0.20 91 16.00 1 4.6 
2 0.20 93 11 0.4 4.2 
3 0.20 79 15 0.4 4.1 
4 0.20 70 35 0.6 6.0 
9 0.20 77 22 1.1 4.8 
10 0.20 80 37 0.5 5.4 
11 0.20 81 46 0.3 5.8 
12 0.20 15 72 0.4 3.6 
13 0.20 80 n.a. n.a. 6.0 
14 0.20 79 80 0.3 7.3 
15 0.20 94 47 n.a. 6.5 
16 0.20 90 63 0.3 6.1 
18 0.20 80 239 0.6 14.0 
19 0.20 87 183 0.4 11.3 
 
      
Mg2+   mg/l   (IC) Na+  mg/l (IC) 
NO3
--N mg/l   
(IC) SO4
2- mg/l   (IC) 
 1 48 9 0.2 98 
 2 47 6 0.2 97 
 3 46 5 0.9 63 IC = Ion Chromatograph analysis 
4 45 22 1.3 63 
 9 48 11 8.2 43 ** = inaccurate results,  
10 49 17 3.7 255      i.e.: pH meter believed 
11 48 21 1.7 39       to have lost calibration in field 
12 8 35 1.2 88 
 13 49 23 0.1 n.a. n.a. = not available  
14 47 35 2.4 45      due to no reportable data 
15 49 27 0.2 15        or data is too low to record.     
16 48 24 0.3 24 
 18 47 n.a. 5.6 57 

























sites Alkalinity  (HCO3 mg/l) BOD (mg/l) Cond. (mS/cm) D.O. (mg/l) 
1 255 1.5 0.804 7.4 
2 252 2.4 1.369 12.5 
4 249 1.1 1.33 17.1 
5 259 1.8 0.713 10.4 
6 245 1.5 0.701 8.8 
7 245 1.5 1.24 8.9 
8 237 1.8 0.68 11.9 
9 227 1.5 1.184 11.8 
10 246 1.1 1.277 12.7 
11 242 1.4 0.678 8.9 
12 227 1.8 0.84 13.4 
13 227 1.7 0.685 9.4 
14 231 1.9 0.708 10.4 
15 208 3.8 0.687 6.5 
16 264 3.3 0.776 9.5 
17 223 1.9 1.003 7.3 
18 200 1.7 1.101 12.2 
20 230 1.4 0.849 9.8 
21 194 1.4 0.893 11.5 
22 240 2.2 1.000 13.0 
23 237 2.1 0.960 11.0 
          
sites pH NH3-N (mg/l) Silica-SiO2 (mg/l) Temp. 
o C 
1 7.3 0.03 11.8 10.0 
2 6.8 0 5.8 13.2 
4 6.9 0.01 1.2 13.9 
5 7.6 0.03 5.3 10.5 
6 7.3 0.06 6.0 10.3 
7 7 0.06 6.4 13.8 
8 7.7 0.02 5.5 11.0 
9 7.1 0 6.6 12.9 
10 7.4 0.03 6.3 13.4 
11 7.6 0 6.3 14.3 
12 7.7 0 2.3 10.7 
13 7.7 0 3.0 14.5 
14 7.4 0.04 5.9 14.9 
15 7.1 0.06 8.4 13.7 
16 7.2 0.03 8.5 14.6 
17 6.7 0.9 6.8 14.3 
18 7.6 0 8.1 13.9 
20 7.4 0 7.6 12.9 
21 7.6 0 10.1 11.6 
22 7.6 0 4.2 14.6 
23 7.6 0 3.0 13.3 
150 
 
October 2010  (page 2 of 2) 
 
Sites P total(mg/l) Br -mg/l  (IC) Ca2+ mg/l(IC) CL -mg/l(IC) F - mg/l  (IC) 
1 0.06 0 91 20 1.0 
2 0.04 0 99 18 0.3 
4 0 0 75 22 0.2 
5 0.07 0 86 31 0.2 
6 0.07 0 86 24 0.2 
7 0.06 0 84 25 0.2 
8 0.09 0 81 24 0.2 
9 0.06 0 0 36 0.2 
10 0.15 0 79 55 1.6 
11 0.13 0 80 67 0.3 
12 0.05 0 85 49 0.2 
13 0.09 0 0 63 0.2 
14 0.10 0 80 41 0.0 
15 0.06 0 83 166 0.2 
16 0.13 0 99 175 0.5 
17 0.03 0 87 52 0.2 
18 0.19 0 77 107 0.3 
20 0.21 0 81 108 0.2 
21 0.13 0 92 209 0.0 
22 0.19 0 86 132 0 
22 0.11 0 82 137 0.3 
 
      
Sites 












1 1.2 33 9 0.2 99 
   IC = Ion 
Chromatograph 
 
2 1.4 36 6 0.2 101 
  
4 3.0 36 26 1.3 63 
  ** = inaccurate 
results 
5 2.2 34 11 0.2 52 
 6 2.1 33 13 1.7 48 
 7 2.1 34 11 1.7 49 
 8 2.1 34 12 1.6 44 
 9 2.3 34 11 2.3 43 
 10 2.5 36 18 1.9 43 
  
11 2.6 36 18 0.9 94 
   n.a. = not 
available,  
 
12 3.3 42 31 1.4 48 Non-reportable, 
 
13 3.0 114 20 0.5 31 
or too low to  
report. 
14 3.3 35 24 1.2 48 
  
15 5.8 32 31 0.5 37 
  Not All 23 sites 
sampled 
16 2.3 37 25 8.8 87 
 17 2.9 32 82 0.5 27 
 18 10.1 35 102 2.5 44 
 20 4.6 34 56 3.3 42 
 21 5.2 34 56 3.9 66 
 22 5.4 37 74 2.9 45 
  
23 5.2 36 68 3.2 51  
151 
 
November 2010  (page 1 of 2) 
sites Alkalinity (HCO3 mg/l) BOD (mg/l) Cond. (mS/cm) D.O. (mg/l) 
1 210 1.5 0.487 10.5 
2 269 1.9 0.469 12.4 
3 252 1.9 0.421 12.4 
4 262 3.4 0.495 17.0 
5 270 2.8 0.432 14.3 
6 248 2.3 0.426 12.1 
7 254 1.9 0.425 11.0 
8 243 2.4 0.631 11.7 
9 229 1.9 0.601 12.4 
10 239 4.4 0.642 13.0 
11 195 2.8 0.653 12.6 
12 233 2.5 0.754 12.2 
13 146 3.0 0.442 13.6 
14 246 2.4 0.752 11.7 
15 285 1.7 0.492 7.1 
16 280 2.0 0.482 11.6 
17 147 3.4 0.545 4.7 
18 217 2.1 0.482 15.8 
19 259 2.2 0.927 11.4 
20 251 2.3 0.942 11.9 
21 259 2.1 0.589 13.2 
22 252 4.8 0.593 18.1 
23 248 4.6 0.578 15.1 
     sites pH NH3-N (mg/l) Silica-SiO2 (mg/l)  Temp. oC 
1 7.4 0 13.2 7.4 
2 7.5 0 6.2 7.0 
3 7.8 0 6.5 7.2 
4 7.6 0 1.5 6.8 
5 7.5 0 3.5 7.0 
6 7.2 0 5.6 7.0 
7 8.0 0.04 3.9 8.0 
8 7.5 0 4.3 7.4 
9 7.3 0 3.7 6.9 
10 7.4 0 3.3 6.7 
11 7.3 0.03 2.8 6.5 
12 7.4 0 1.1 6.1 
13 7.6 0.05 2.3 9.3 
14 7.3 0 3.3 7.4 
15 7.2 0.04 11.5 10.1 
16 7.5 0 8 7.8 
17 6.7 0.05 4.6 10.8 
18 7.9 0 8.3 8.0 
19 7.2 0 6 8.8 
20 7.5 0 4.2 8.0 
21 7.9 0 7.7 11.1 
22 7.8 0 2.5 10.6 
23 7.8 0.02 1.8 9.4 
152 
 
November 2010 (page 2 of 2) 
 
Sites P total (mg/l) Br- (mg/l) (IC) 
Ca2+ (mg/l) 
(IC) Cl- (mg/l) (IC) F- (mg/l) (IC) 
1 0.11 0.04 99 21 1.1 
2 0.07 0.04 97 20 0.5 
3 0.09 0.04 89 22 0.5 
4 0.08 0.05 80 45 0.7 
5 0.07 0.05 85 22 0.4 
6 0.07 0.04 87 31 0.4 
7 0.07 0.04 88 26 0.5 
8 0.07 0.00 85 26 0.4 
9 0.08 0.04 78 25 0.4 
10 0.10 0.05 82 36 0.4 
11 0.13 0.03 84 36 0.4 
12 0.07 0.05 84 69 0.5 
13 0.05 0.06 88 41 0.0 
14 0.06 0.03 92 67 0.4 
15 0.06 0.09 107 47 0.4 
16 0.06 0.05 104 54 0.4 
17 0.06 0.10 58 81 0.4 
18 1.17 0.24 82 159 0.7 
19 0.43 0.13 89 133 0.6 
20 0.34 0.06 94 136 0.5 
21 0.07 0.14 97 119 0.0 
22 0.32 0.08 94 132 0.5 
23 0.21 0.18 89 125 0.5 
 
      




-  - N (mg/l) 
(IC) SO4
2- (mg/l) (IC) 
1 0.9 45 10 0.20 100 
2 1.0 43 6.7 0.20 100 
3 1.1 43 4.5 0.60 68 
4 3.1 43 28.3 1.60 79 
5 1.6 40 11.1 1.30 60 
6 1.9 40 12.7 0.20 52 
7 1.6 41 11.0 1.40 52 
8 1.7 41 11.9 1.40 50 
9 1.6 41 11.1 1.70 47 
10 2.2 43 18.0 1.80 44 
11 2.0 44 17.6 1.70 44 
12 3.0 47 34.2 0.90 81 
13 2.3 46 20.5 1.40 45 
14 3.1 45 35.3 2.30 47 
15 2.0 44 20.1 1.00 29 
16 2.0 46 24.0 0.80 29 
17 3.0 22 45.7 n.a. 19 
18 9.6 42 93.5 9.10 60 
19 6.0 43 73.0 3.80 47 
20 5.2 45 77.0 3.20 47 
21 6.9 43 62.8 4.00 41 
22 5.4 45 72.3 3.00 44 
23 5.4 43 68.7 2.30 43 
IC = Ion Chromatograph 
  ** = inaccurate results 




Alkalinity Lab Procedure 













































































































































1 0.83 1.00 
           
  
Pastur
e  % 
-
0.1
3 0.18 0.33 





6 0.93 0.89 
1.0
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6 0.00 1.00 
















3 0.99 0.06 1.00 























0.08 0.79 0.03 















9 0.76 0.42 0.83 
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2. WSU SCC Factor Analysis Notes 
Pearson Correlation Coefficients results (set 1) 
(From WSU SCC SAS system) 
Using the four variables:  ammonia, nitrate-N ( IC), total phosphorus-P, and Biological 
Oxygen Demand (BOD), 
 
comparing with 10 land use/land and soil types (based on area percentage):  forest-
deciduous, pasture, row crops, commercial-industrial-transportation, grasses-urban, 
wetlands-woody, residential, organic matter-representative average, drainage class rank 
(based on high ranking equaling high drainage), and soil texture based on %, clay, 
 
the following correlations ≥ |.2| were found being statistically significant: 
 
Pasture correlated @.21 with ammonia, but was not considered very statistically significant, 
and @ -.30 with total phosphorus. 
 
Row Crops also showed a negative correlation, -.30, with total phosphorus. 
 
Commercial-Industrial-Transportation did correlate @ .24 with total phosphorus. 
 
Grasses-Urban correlated @ .27 with total phosphorus. 
 
Residential had the highest correlation of .33 with total phosphorus. 
 
DrainageClassrank (high rank meaning high drainage) did correlate @ .28 with total 
phosphorus. 
 
None of the other 2 variables in this analysis correlated significantly with any land use/land-
soil type. 
 
Canonical Correlation results 
A correlation of .51 was found to be statistically mildly significant while comparing the 






Pearson Correlation Coefficients results (set 2) 
(From WSU SCC SAS system) 
 
Using the four variables:  Cl-, Br-, Ca2+, and Na+, 
 
comparing with 10 land use/land and soil types (based on area percentage) :  forest-
deciduous, pasture, row crops, commercial-industrial-transportation, grasses-urban, 
wetlands-woody, residential, organic matter-representative average, drainage class rank 
(based on high ranking equaling high drainage), and soil texture based on % clay, 
 
the following correlations ≥ |.2| were found being statistically significant: 
 
Pasture correlated negatively @ -.29 with Cl -and @ -.34 with Na+. 
 
Row Crops also correlated negatively @ -.61 with Cl-and @ - .57 with Na+. 
 
Commercial-Industrial-Transportation did correlate @ .42 with Cl-, and .38 with Na+. 
 
Grasses-Urban correlated @ .46 with Cl- and .40 with Na+ and .21 with Ca2+. 
 
Residential had one of the highest positive correlations of .60 with Cl-, .and .61 with Na+. 
 
DrainageClassrank (high rank meaning high drainage) did correlate @ .65 with Cl- and .55 with 
Na+. 
 
OM (Organic Mass) and soil texture based on %Clay both had significant negative correlations 
with Cl- and Na+, -.62, both for Cl- , and -.52 (OM)  and -.51 (soil texture)for Na+. 
 
None of the other 2 variables in this analysis correlated significantly with any land use/land-
soil type. 
Canonical Correlation results 
A correlation of .71 was found to be statistically significant (moderately strong) while 
comparing the previous 4 variables with the 10 land use/land-soil types, (set 2), as used in the 





Pearson Correlation Coefficients results (set 3) 
(From WSU SCC SAS system) 
Using the five variables:  F-, PO4 
3- -P (IC), SO4
2-, Mg2+, and K+, 
 
comparing with 10 land use/land and soil types (based on area percentage) : forest-
deciduous, pasture, row crops, commercial-industrial-transportation, grasses-urban, 
wetlands-woody, residential, organic matter-representative average, drainage class rank 
(based on high ranking equaling high drainage), and soil texture based on clay %, 
 
The following correlations above |.2| were found being statistically significant: 
 
Pasture correlated positively @ .23 with Mg2+, and negatively @ -.26 with PO4
3-  - P (IC),  and 
@ -.29 with K+. 
 
Row Crops correlated @ .30 with SO4
2-
, and correlated negatively @ -.36 with a PO4
3-  - P (IC), 
and @ - .43 with K+. 
 




Grasses-Urban correlated @ .23 with PO4
3-  - P (IC)and .24 with K+. 
 
Residential had positive correlations of .36 with PO4
3--P (IC), .and .47 with K+, and a negative 
correlation of  -.22 with SO4
2-. 
 
DrainageClassrank (high rank meaning high drainage) did correlate @ .30 with PO4
3-  - P (IC) 
and .44 with K+, and negatively @ -.31 with SO4
2-. 
 
OM (Organic Mass) had significant correlations of .31 with SO4
2-and  -.36 for K+ . 
 
Soil texture based on Clay% had positive correlations of .27 with F-and .33 with SO4
2-and a 
negative correlation of -.35 with K+. 
 
Canonical Correlation results 
A correlation of .69 was found to be statistically significant (moderately strong) while 
comparing the previous 5 variables with the 10 land use/land-soil types, (set 3), as used in the 




Pearson Correlation Coefficients results (set 4) 
(From WSU SCC SAS system) 
Using the four variables: Alkalinity, Conductivity, Nitrate (using on site kit), and SiO2, 
 
comparing with 10 land use/land and soil types (based on area percentage) :  forest-
deciduous, pasture, row crops, commercial-industrial-transportation, grasses-urban, 
wetlands-woody, residential, organic matter-representative average, drainage class rank 
(based on high ranking equaling high drainage), and soil texture based on clay %, 
 
the following correlations ≥ |.2| were found being statistically significant: 
 
Pasture correlated negatively @ -.40 with SiO2. 
 
Commercial-Industrial-Transportation did correlate @ .33 with SiO2. 
 
Residential correlated @ .26 with SiO2 
 
DrainageClassrank (high rank meaning high drainage) did correlate @ .22 with SiO2. 
 
OM (Organic Mass) had a significant negative correlation of -.28 with SiO2 . 
 
None of the other 3 variables in this analysis correlated significantly with any land use/land-
soil type. 
Canonical Correlation results 
A correlation of .56 was found to be statistically mildly significant (moderately weak) while 
comparing the previous 4 variables with the 10 land use/land-soil types, (set 4) as used in the 








1. Estimated Flow & Loading Procedures 
 
 Flows:  Information to determine the flows for the sites were obtained from the USGS 
on line site:  http://waterdata.usgs.gov/nwis/measurements(USGS, Waterdata.usgs, 2010) AND 
from The US Army Corp of Engineers on line site:  
http://rivergages.mvr.usace.army.mil/WaterControl/shefgraph-historic.cfm (Engineers, 2014). 
 The flows estimated for sites 13 – 21, and site 23 were developed based on annual 
harmonic mean flows the OEPA listed in recent local on line National Pollutant Discharge 
Elimination System Fact Sheets, and based on expected flow increases calculated from known 
flows upstream and downstream along the Little Miami River, using chart 42 below.  Table 15 
below lists these flows as well as those for sites 11 and 22, which are a little more precise, 
especially for site 11 where actual flow data exists for date and time of sampling.  Only gage 
heights were available online at a US Army Corp of Engineers’ website for site 22 and such data 
had to be compared to known historical flows in order to extrapolate flows at site 22 for the 
sampled dates. 
 On line flows are recorded in cubic feet per second and were converted to Million 
Gallons (MG) per Day (D) using formula: 







Estimated Flows at Sites where flow related info exists in MGD 
Site October November 
11 20.03 16.8 
12 4.72 5.04 
13 26.55 19.77 
14 28.75 24.28 
15 1.88 1.44 
16 1.41 1.39 
17 .77 .87 
18 6.17 6.65 
19 41.33 37.31 
20 42.04 38.95 
21 1.72 1.81 
22 46.01 50.41 
23 49.31 56.11 
Table 17: Estimated Flows at Sites 11 -23 
 





Loadings:  Loadings at the sites were obtained by multiplying the estimated flows by the 
measured concentrations, in mg/L using the following formula to get pounds (lbs) per day: 
mg/L X MGD X 3.785 L/gallon 2.205 lbs/kg X 106 gallons/M X kg/106 mg. 
loadings for the Water Reclamation Facilities/Waste Water Treatment Plants were obtained 
from on line EPA Monthly Discharge Monitoring Reports (DMR), using the sites listed average 
daily value for the 30 or 31 day period.  The site address: 
http://cfpub.epa.gov/dmr/facility_loads.cfm . 
 
The Total Phosphorus Estimated Loadings table only used flow data obtained from Site 
11 and Site 22, since data existed for the days of sampling in the months of October and 
November 2010 for only these 2 sites.  Site 22 only had gage height data provided by the US 
Army Corp of Engineers while the USGS stopped measuring flows regularly at this site.  Last 
USGS flows at site 22 were compared to US Army Corp of Engineer’s historical gage heights on 
those USGS flow measured dates and provided a way to calculate an average flow value for a 








2. SAR Value calculations 
 
Where SAR = sodium adsorption ratio and values in parentheses are cation concentrations. 
For Site 22 in October: 
 
For Site 22 in November: 
 
For Site 23 in October: 
 









Picture 1: Site 1 Little Miami River @ SR 42 headwaters 
 
 













Picture 5: Site 11 LMR @ US 68 w/ sample device 
 
 






Picture 7:  Final Site 23 @ Little Miami River Park 
 
 




PHREEQC OUTPUT FILE 
November 2010 Data for  
CaO-Al 2O 3-SiO 2-H 2O Mineral  Stabil ity Diagram  
 
 
Reading input data for simulation 21. 
------------------------------------- 
 
 rem "Site 16" 
 SOLUTION_SPREAD 
     units    mg/l 
  Alkalinity   Ca   F  K  Mg  N(5)  N(-3)  O(0)    P   pH  
S(6)  Si  Temperature  Cl   Br  Number  Description  Na 
         280  104  .4  2  46    .8      0  11.6  .06  7.5    
29   8          7.8  54  .05      16          Nov  24 
 USER_GRAPH 
     -initial_solutions      true 
 START 
         -headings 16 
 10 PLOT_XY LA("H4SiO4"),(LA("Ca+2")-2*LA("H+")), color = brown, line_w = 0,   
 symbol = Triangle, symbol_size = 10  
  -end  
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Alkalinity       5.598e-003  5.598e-003 
 Br               6.261e-007  6.261e-007 
 Ca               2.596e-003  2.596e-003 
 Cl               1.524e-003  1.524e-003 
 F                2.107e-005  2.107e-005 
 K                5.118e-005  5.118e-005 
 Mg               1.893e-003  1.893e-003 
 N(5)             5.715e-005  5.715e-005 
 Na               1.045e-003  1.045e-003 
 O(0)             7.254e-004  7.254e-004 
 P                1.938e-006  1.938e-006 
 S(6)             3.021e-004  3.021e-004 
 Si               1.332e-004  1.332e-004 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.500     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 7 oC) = 531 
                          Density (g/cm3)  =   1.00040 
                               Volume (L)  =   1.00056 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.313e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  6.041e-003 
                       Total CO2 (mol/kg)  =  6.041e-003 
                      Temperature (deg C)  =   7.80 
                  Electrical balance (eq)  =  2.268e-003 
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 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =  13.15 
                               Iterations  =   9 
                                  Total H  = 1.110185e+002 




 Redox couple             pe  Eh (volts) 
 
 O(-2)/O(0)          14.6724      0.8179 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   OH-            8.568e-008  7.631e-008    -7.067    -7.117    -0.050     -5.14 
   H+             3.488e-008  3.162e-008    -7.457    -7.500    -0.043      0.00 
   H2O            5.551e+001  9.998e-001     1.744    -0.000     0.000     18.02 
Br           6.261e-007 
   Br-            6.261e-007  5.565e-007    -6.203    -6.254    -0.051     23.78 
C(4)         6.041e-003 
   HCO3-          5.396e-003  4.839e-003    -2.268    -2.315    -0.047     22.75 
   CO2            4.668e-004  4.682e-004    -3.331    -3.330     0.001     36.30 
   CaHCO3+        7.499e-005  6.738e-005    -4.125    -4.171    -0.046      8.84 
   MgHCO3+        7.087e-005  6.324e-005    -4.150    -4.199    -0.049      4.84 
   NaHCO3         1.166e-005  1.170e-005    -4.933    -4.932     0.001     19.41 
   CaCO3          1.004e-005  1.007e-005    -4.998    -4.997     0.001    -14.67 
   CO3-2          7.208e-006  4.661e-006    -5.142    -5.332    -0.189     -7.23 
   MgCO3          3.972e-006  3.984e-006    -5.401    -5.400     0.001    -17.07 
   NaCO3-         1.995e-008  1.789e-008    -7.700    -7.747    -0.047     -3.03 
Ca           2.596e-003 
   Ca+2           2.473e-003  1.599e-003    -2.607    -2.796    -0.190    -18.30 
   CaHCO3+        7.499e-005  6.738e-005    -4.125    -4.171    -0.046      8.84 
   CaSO4          3.772e-005  3.783e-005    -4.423    -4.422     0.001      6.65 
   CaCO3          1.004e-005  1.007e-005    -4.998    -4.997     0.001    -14.67 
   CaHPO4         3.413e-007  3.423e-007    -6.467    -6.466     0.001     (0)   
   CaPO4-         2.025e-008  1.815e-008    -7.694    -7.741    -0.047     (0)   
   CaH2PO4+       9.947e-009  8.920e-009    -8.002    -8.050    -0.047     (0)   
   CaOH+          9.390e-009  8.387e-009    -8.027    -8.076    -0.049     (0)   
   CaHSO4+        7.138e-012  6.375e-012   -11.146   -11.196    -0.049     (0)   
Cl           1.524e-003 
   Cl-            1.524e-003  1.359e-003    -2.817    -2.867    -0.050     17.27 
F            2.107e-005 
   F-             1.996e-005  1.777e-005    -4.700    -4.750    -0.050     -1.54 
   MgF+           1.101e-006  9.842e-007    -5.958    -6.007    -0.049    -10.58 
   NaF            9.417e-009  9.445e-009    -8.026    -8.025     0.001      6.41 
   HF             6.238e-010  6.257e-010    -9.205    -9.204     0.001     11.47 
   HF2-           4.022e-014  3.592e-014   -13.396   -13.445    -0.049     20.94 
   SiF6-2         5.309e-032  3.414e-032   -31.275   -31.467    -0.192     41.13 
H(0)         1.693e-026 
   H2             8.465e-027  8.490e-027   -26.072   -26.071     0.001     28.63 
K            5.118e-005 
   K+             5.114e-005  4.557e-005    -4.291    -4.341    -0.050      8.34 
   KSO4-          3.963e-008  3.554e-008    -7.402    -7.449    -0.047     (0)   
   KHPO4-         5.442e-011  4.880e-011   -10.264   -10.312    -0.047     (0)   
Mg           1.893e-003 
   Mg+2           1.791e-003  1.167e-003    -2.747    -2.933    -0.186    -20.93 
   MgHCO3+        7.087e-005  6.324e-005    -4.150    -4.199    -0.049      4.84 
   MgSO4          2.600e-005  2.608e-005    -4.585    -4.584     0.001      4.98 
   MgCO3          3.972e-006  3.984e-006    -5.401    -5.400     0.001    -17.07 
   MgF+           1.101e-006  9.842e-007    -5.958    -6.007    -0.049    -10.58 
   MgHPO4         3.368e-007  3.378e-007    -6.473    -6.471     0.001     (0)   
   MgOH+          2.863e-008  2.576e-008    -7.543    -7.589    -0.046     (0)   
   MgPO4-         1.993e-008  1.787e-008    -7.700    -7.748    -0.047     (0)   
   MgH2PO4+       9.245e-009  8.291e-009    -8.034    -8.081    -0.047     (0)   
N(5)         5.715e-005 
   NO3-           5.715e-005  5.080e-005    -4.243    -4.294    -0.051     27.42 
Na           1.045e-003 
   Na+            1.032e-003  9.235e-004    -2.986    -3.035    -0.048     -2.48 
   NaHCO3         1.166e-005  1.170e-005    -4.933    -4.932     0.001     19.41 
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   NaSO4-         7.017e-007  6.292e-007    -6.154    -6.201    -0.047     18.13 
   NaCO3-         1.995e-008  1.7   Input file: 
E:\Thesis\Ca_system\Nov2010ULMR_Detailed_ca_stab.pqi 
  Output file: E:\Thesis\Ca_system\Nov2010ULMR_Detailed_ca_stab.pqo 
Database file: C:\Program Files\USGS\Phreeqc Interactive 3.0.2-7614\database\phreeqc.dat 
 
------------------ 













Reading input data for simulation 1. 
------------------------------------ 
 
 DATABASE C:\Program Files\USGS\Phreeqc Interactive 3.0.2-7614\database\phreeqc.dat 
 SELECTED_OUTPUT 
     file                 selected.outfile                  
          activities           H+  Ca+2 H4SiO4 
 USER_GRAPH 1 
     -initial_solutions      true 
 START 
         -chart_title "Mineral CaO-Al2O3-SiO2-H2O Stability system @ 25o C, Nov 
2010  Sites"  
         -axis_titles "Log[H4SiO4]" "Log([Ca+2] / [H+]^2)"  
         -axis_scale x_axis -5.5 -2.0 1 1  
         -axis_scale y_axis  1.0 19.0 1 1  
  -end  
 END   
------------------ 




Reading input data for simulation 2. 
------------------------------------ 
 
 REM "DREVER STABILITY DIAGRAM" 
 REM "Gibbsite-Laumontite" 
 SOLUTION_SPREAD 
     units    mg/l 
    pH     Ca 
  5.25  19 
  4.4  15.6 
 USER_GRAPH 
  -initial_solutions   true  
 START 
 10 PLOT_XY LA("H+"),  tot("Ca")*40.08e3,  color = black, line_w = 2,  symbol = 
circle, symbol_size = 0 
  -end 
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 




----------------------------Description of solution---------------------------- 
 
                                       pH  =   5.250     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 25 oC) = 55 
                          Density (g/cm3)  =   0.99707 
                               Volume (L)  =   1.00296 
                        Activity of water  =   1.000 
                           Ionic strength  =  9.510e-004 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  = -5.811e-006 
                    Total carbon (mol/kg)  =  0.000e+000 
                       Total CO2 (mol/kg)  =  0.000e+000 
                      Temperature (deg C)  =  25.00 
                  Electrical balance (eq)  =  9.539e-004 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  = 100.00 
                               Iterations  =   4 
                                  Total H  = 1.110124e+002 
                                  Total O  = 5.550622e+001 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             5.813e-006  5.623e-006    -5.236    -5.250    -0.014      0.00 
   OH-            1.864e-009  1.800e-009    -8.730    -8.745    -0.015     -4.11 
   H2O            5.551e+001  1.000e+000     1.744    -0.000     0.000     18.07 
Ca           4.741e-004 
   Ca+2           4.741e-004  4.132e-004    -3.324    -3.384    -0.060    -18.14 
   CaOH+          1.262e-011  1.219e-011   -10.899   -10.914    -0.015     (0)   
H(0)         4.476e-022 
   H2             2.238e-022  2.239e-022   -21.650   -21.650     0.000     28.61 
O(0)         0.000e+000 




 Phase               SI   log IAP   log K(298 K,   1 atm) 
 
 H2(g)           -18.55    -21.65   -3.10  H2 
 H2O(g)           -1.50     -0.00    1.50  H2O 
 O2(g)           -46.19    -49.08   -2.89  O2 
 
 




 Elements           Molality       Moles 
 
 Ca               3.892e-004  3.892e-004 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   4.400     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 25 oC) = 58 
                          Density (g/cm3)  =   0.99707 
                               Volume (L)  =   1.00296 
                        Activity of water  =   1.000 
                           Ionic strength  =  7.990e-004 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  = -4.105e-005 
                    Total carbon (mol/kg)  =  0.000e+000 
                       Total CO2 (mol/kg)  =  0.000e+000 
                      Temperature (deg C)  =  25.00 
                  Electrical balance (eq)  =  8.195e-004 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  = 100.00 
                               Iterations  =   3 
                                  Total H  = 1.110125e+002 
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                                  Total O  = 5.550622e+001 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             4.105e-005  3.981e-005    -4.387    -4.400    -0.013      0.00 
   OH-            2.625e-010  2.542e-010    -9.581    -9.595    -0.014     -4.11 
   H2O            5.551e+001  1.000e+000     1.744    -0.000     0.000     18.07 
Ca           3.892e-004 
   Ca+2           3.892e-004  3.429e-004    -3.410    -3.465    -0.055    -18.15 
   CaOH+          1.476e-012  1.430e-012   -11.831   -11.845    -0.014     (0)   
H(0)         2.244e-020 
   H2             1.122e-020  1.122e-020   -19.950   -19.950     0.000     28.61 
O(0)         0.000e+000 




 Phase               SI   log IAP   log K(298 K,   1 atm) 
 
 H2(g)           -16.85    -19.95   -3.10  H2 
 H2O(g)           -1.50     -0.00    1.50  H2O 








Reading input data for simulation 3. 
------------------------------------ 
 
 REM "Kaolinite-Laumontite" 
 SOLUTION_SPREAD 
     units    mg/l 
    pH     Ca 
  3.9  14.6 
  4.4  15.6 
 USER_GRAPH 
  -initial_solutions   true  
 START 
 10 PLOT_XY LA("H+"),  tot("Ca")*40.08e3,  color = black, line_w = 2,  symbol = 
circle, symbol_size = 0 
  -end 
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Ca               3.643e-004  3.643e-004 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   3.900     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 25 oC) = 85 
                          Density (g/cm3)  =   0.99706 
                               Volume (L)  =   1.00296 
                        Activity of water  =   1.000 
                           Ionic strength  =  7.935e-004 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  = -1.298e-004 
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                    Total carbon (mol/kg)  =  0.000e+000 
                       Total CO2 (mol/kg)  =  0.000e+000 
                      Temperature (deg C)  =  25.00 
                  Electrical balance (eq)  =  8.583e-004 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  = 100.00 
                               Iterations  =   3 
                                  Total H  = 1.110126e+002 
                                  Total O  = 5.550622e+001 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             1.298e-004  1.259e-004    -3.887    -3.900    -0.013      0.00 
   OH-            8.302e-011  8.040e-011   -10.081   -10.095    -0.014     -4.11 
   H2O            5.551e+001  1.000e+000     1.744    -0.000     0.000     18.07 
Ca           3.643e-004 
   Ca+2           3.643e-004  3.211e-004    -3.439    -3.493    -0.055    -18.15 
   CaOH+          4.370e-013  4.233e-013   -12.360   -12.373    -0.014     (0)   
H(0)         2.244e-019 
   H2             1.122e-019  1.122e-019   -18.950   -18.950     0.000     28.61 
O(0)         0.000e+000 




 Phase               SI   log IAP   log K(298 K,   1 atm) 
 
 H2(g)           -15.85    -18.95   -3.10  H2 
 H2O(g)           -1.50     -0.00    1.50  H2O 
 O2(g)           -51.59    -54.48   -2.89  O2 
 
 




 Elements           Molality       Moles 
 
 Ca               3.892e-004  3.892e-004 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   4.400     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 25 oC) = 58 
                          Density (g/cm3)  =   0.99707 
                               Volume (L)  =   1.00296 
                        Activity of water  =   1.000 
                           Ionic strength  =  7.990e-004 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  = -4.105e-005 
                    Total carbon (mol/kg)  =  0.000e+000 
                       Total CO2 (mol/kg)  =  0.000e+000 
                      Temperature (deg C)  =  25.00 
                  Electrical balance (eq)  =  8.195e-004 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  = 100.00 
                               Iterations  =   3 
                                  Total H  = 1.110125e+002 
                                  Total O  = 5.550622e+001 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             4.105e-005  3.981e-005    -4.387    -4.400    -0.013      0.00 
   OH-            2.625e-010  2.542e-010    -9.581    -9.595    -0.014     -4.11 
   H2O            5.551e+001  1.000e+000     1.744    -0.000     0.000     18.07 
Ca           3.892e-004 
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   Ca+2           3.892e-004  3.429e-004    -3.410    -3.465    -0.055    -18.15 
   CaOH+          1.476e-012  1.430e-012   -11.831   -11.845    -0.014     (0)   
H(0)         2.244e-020 
   H2             1.122e-020  1.122e-020   -19.950   -19.950     0.000     28.61 
O(0)         0.000e+000 




 Phase               SI   log IAP   log K(298 K,   1 atm) 
 
 H2(g)           -16.85    -19.95   -3.10  H2 
 H2O(g)           -1.50     -0.00    1.50  H2O 








Reading input data for simulation 4. 
------------------------------------ 
 
 REM "Laumontite-Ca-beidellite" 
 SOLUTION_SPREAD 
     units    mg/l 
    pH     Ca 
  3.9  14.6 
  2  12.8 
 USER_GRAPH 
  -initial_solutions   true  
 START 
 10 PLOT_XY LA("H+"),  tot("Ca")*40.08e3,  color = black, line_w = 2,  symbol = 
circle, symbol_size = 0 
  -end 
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Ca               3.643e-004  3.643e-004 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   3.900     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 25 oC) = 85 
                          Density (g/cm3)  =   0.99706 
                               Volume (L)  =   1.00296 
                        Activity of water  =   1.000 
                           Ionic strength  =  7.935e-004 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  = -1.298e-004 
                    Total carbon (mol/kg)  =  0.000e+000 
                       Total CO2 (mol/kg)  =  0.000e+000 
                      Temperature (deg C)  =  25.00 
                  Electrical balance (eq)  =  8.583e-004 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  = 100.00 
                               Iterations  =   3 
                                  Total H  = 1.110126e+002 
                                  Total O  = 5.550622e+001 
 




                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             1.298e-004  1.259e-004    -3.887    -3.900    -0.013      0.00 
   OH-            8.302e-011  8.040e-011   -10.081   -10.095    -0.014     -4.11 
   H2O            5.551e+001  1.000e+000     1.744    -0.000     0.000     18.07 
Ca           3.643e-004 
   Ca+2           3.643e-004  3.211e-004    -3.439    -3.493    -0.055    -18.15 
   CaOH+          4.370e-013  4.233e-013   -12.360   -12.373    -0.014     (0)   
H(0)         2.244e-019 
   H2             1.122e-019  1.122e-019   -18.950   -18.950     0.000     28.61 
O(0)         0.000e+000 




 Phase               SI   log IAP   log K(298 K,   1 atm) 
 
 H2(g)           -15.85    -18.95   -3.10  H2 
 H2O(g)           -1.50     -0.00    1.50  H2O 
 O2(g)           -51.59    -54.48   -2.89  O2 
 
 




 Elements           Molality       Moles 
 
 Ca               3.194e-004  3.194e-004 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   2.000     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 25 oC) = 3635 
                          Density (g/cm3)  =   0.99707 
                               Volume (L)  =   1.00296 
                        Activity of water  =   1.000 
                           Ionic strength  =  6.023e-003 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  = -1.077e-002 
                    Total carbon (mol/kg)  =  0.000e+000 
                       Total CO2 (mol/kg)  =  0.000e+000 
                      Temperature (deg C)  =  25.00 
                  Electrical balance (eq)  =  1.141e-002 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  = 100.00 
                               Iterations  =   4 
                                  Total H  = 1.110232e+002 
                                  Total O  = 5.550622e+001 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             1.077e-002  1.000e-002    -1.968    -2.000    -0.032      0.00 
   OH-            1.100e-012  1.012e-012   -11.958   -11.995    -0.036     -4.06 
   H2O            5.551e+001  9.998e-001     1.744    -0.000     0.000     18.07 
Ca           3.194e-004 
   Ca+2           3.194e-004  2.317e-004    -3.496    -3.635    -0.139    -17.99 
   CaOH+          4.174e-015  3.844e-015   -14.379   -14.415    -0.036     (0)   
H(0)         1.414e-015 
   H2             7.070e-016  7.079e-016   -15.151   -15.150     0.001     28.61 
O(0)         0.000e+000 








 H2(g)           -12.05    -15.15   -3.10  H2 
 H2O(g)           -1.50     -0.00    1.50  H2O 








Reading input data for simulation 5. 
------------------------------------ 
 
 REM "Gibbsite-Kaolinite" 
 SOLUTION_SPREAD 
     units    mg/l 
    pH     Ca 
  4.4  1 
  4.4  15.6 
 USER_GRAPH 
  -initial_solutions   true  
 START 
 10 PLOT_XY LA("H+"),  tot("Ca")*40.08e3,  color = black, line_w = 2,  symbol = 
circle, symbol_size = 0 
  -end 
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Ca               2.495e-005  2.495e-005 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   4.400     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 25 oC) = 16 
                          Density (g/cm3)  =   0.99704 
                               Volume (L)  =   1.00297 
                        Activity of water  =   1.000 
                           Ionic strength  =  7.000e-005 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  = -4.019e-005 
                    Total carbon (mol/kg)  =  0.000e+000 
                       Total CO2 (mol/kg)  =  0.000e+000 
                      Temperature (deg C)  =  25.00 
                  Electrical balance (eq)  =  9.009e-005 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  = 100.00 
                               Iterations  =   3 
                                  Total H  = 1.110125e+002 
                                  Total O  = 5.550622e+001 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             4.019e-005  3.981e-005    -4.396    -4.400    -0.004      0.00 
   OH-            2.567e-010  2.542e-010    -9.591    -9.595    -0.004     -4.13 
   H2O            5.551e+001  1.000e+000     1.744    -0.000     0.000     18.07 
Ca           2.495e-005 
   Ca+2           2.495e-005  2.400e-005    -4.603    -4.620    -0.017    -18.22 
   CaOH+          1.010e-013  1.001e-013   -12.996   -13.000    -0.004     (0)   
H(0)         2.244e-020 
   H2             1.122e-020  1.122e-020   -19.950   -19.950     0.000     28.61 
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O(0)         0.000e+000 




 Phase               SI   log IAP   log K(298 K,   1 atm) 
 
 H2(g)           -16.85    -19.95   -3.10  H2 
 H2O(g)           -1.50     -0.00    1.50  H2O 
 O2(g)           -49.59    -52.48   -2.89  O2 
 
 




 Elements           Molality       Moles 
 
 Ca               3.892e-004  3.892e-004 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   4.400     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 25 oC) = 58 
                          Density (g/cm3)  =   0.99707 
                               Volume (L)  =   1.00296 
                        Activity of water  =   1.000 
                           Ionic strength  =  7.990e-004 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  = -4.105e-005 
                    Total carbon (mol/kg)  =  0.000e+000 
                       Total CO2 (mol/kg)  =  0.000e+000 
                      Temperature (deg C)  =  25.00 
                  Electrical balance (eq)  =  8.195e-004 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  = 100.00 
                               Iterations  =   3 
                                  Total H  = 1.110125e+002 
                                  Total O  = 5.550622e+001 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             4.105e-005  3.981e-005    -4.387    -4.400    -0.013      0.00 
   OH-            2.625e-010  2.542e-010    -9.581    -9.595    -0.014     -4.11 
   H2O            5.551e+001  1.000e+000     1.744    -0.000     0.000     18.07 
Ca           3.892e-004 
   Ca+2           3.892e-004  3.429e-004    -3.410    -3.465    -0.055    -18.15 
   CaOH+          1.476e-012  1.430e-012   -11.831   -11.845    -0.014     (0)   
H(0)         2.244e-020 
   H2             1.122e-020  1.122e-020   -19.950   -19.950     0.000     28.61 
O(0)         0.000e+000 




 Phase               SI   log IAP   log K(298 K,   1 atm) 
 
 H2(g)           -16.85    -19.95   -3.10  H2 
 H2O(g)           -1.50     -0.00    1.50  H2O 













 REM "Kaolinite-Ca-beidellite" 
 SOLUTION_SPREAD 
     units    mg/l 
    pH     Ca 
  3.9  14.6 
  2.4   2.6 
 USER_GRAPH 
  -initial_solutions   true  
 START 
 10 PLOT_XY LA("H+"),  tot("Ca")*40.08e3,  color = black, line_w = 2,  symbol = 
circle, symbol_size = 0 
  -end 
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Ca               3.643e-004  3.643e-004 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   3.900     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 25 oC) = 85 
                          Density (g/cm3)  =   0.99706 
                               Volume (L)  =   1.00296 
                        Activity of water  =   1.000 
                           Ionic strength  =  7.935e-004 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  = -1.298e-004 
                    Total carbon (mol/kg)  =  0.000e+000 
                       Total CO2 (mol/kg)  =  0.000e+000 
                      Temperature (deg C)  =  25.00 
                  Electrical balance (eq)  =  8.583e-004 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  = 100.00 
                               Iterations  =   3 
                                  Total H  = 1.110126e+002 
                                  Total O  = 5.550622e+001 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             1.298e-004  1.259e-004    -3.887    -3.900    -0.013      0.00 
   OH-            8.302e-011  8.040e-011   -10.081   -10.095    -0.014     -4.11 
   H2O            5.551e+001  1.000e+000     1.744    -0.000     0.000     18.07 
Ca           3.643e-004 
   Ca+2           3.643e-004  3.211e-004    -3.439    -3.493    -0.055    -18.15 
   CaOH+          4.370e-013  4.233e-013   -12.360   -12.373    -0.014     (0)   
H(0)         2.244e-019 
   H2             1.122e-019  1.122e-019   -18.950   -18.950     0.000     28.61 
O(0)         0.000e+000 




 Phase               SI   log IAP   log K(298 K,   1 atm) 
 
 H2(g)           -15.85    -18.95   -3.10  H2 
 H2O(g)           -1.50     -0.00    1.50  H2O 









 Elements           Molality       Moles 
 
 Ca               6.487e-005  6.487e-005 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   2.400     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 25 oC) = 1426 
                          Density (g/cm3)  =   0.99705 
                               Volume (L)  =   1.00296 
                        Activity of water  =   1.000 
                           Ionic strength  =  2.219e-003 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  = -4.179e-003 
                    Total carbon (mol/kg)  =  0.000e+000 
                       Total CO2 (mol/kg)  =  0.000e+000 
                      Temperature (deg C)  =  25.00 
                  Electrical balance (eq)  =  4.309e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  = 100.00 
                               Iterations  =   4 
                                  Total H  = 1.110166e+002 
                                  Total O  = 5.550622e+001 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             4.179e-003  3.981e-003    -2.379    -2.400    -0.021      0.00 
   OH-            2.679e-012  2.542e-012   -11.572   -11.595    -0.023     -4.09 
   H2O            5.551e+001  9.999e-001     1.744    -0.000     0.000     18.07 
Ca           6.487e-005 
   Ca+2           6.487e-005  5.287e-005    -4.188    -4.277    -0.089    -18.09 
   CaOH+          2.322e-015  2.204e-015   -14.634   -14.657    -0.023     (0)   
H(0)         2.243e-016 
   H2             1.121e-016  1.122e-016   -15.950   -15.950     0.000     28.61 
O(0)         0.000e+000 




 Phase               SI   log IAP   log K(298 K,   1 atm) 
 
 H2(g)           -12.85    -15.95   -3.10  H2 
 H2O(g)           -1.50     -0.00    1.50  H2O 








Reading input data for simulation 7. 
------------------------------------ 
 
 REM "Kaolinite-Pyrophyllite" 
 SOLUTION_SPREAD 
     units    mg/l 
    pH     Ca 
  2.4   2.6 
  2.4   1 
 USER_GRAPH 




 10 PLOT_XY LA("H+"),  tot("Ca")*40.08e3,  color = black, line_w = 2,  symbol = 
circle, symbol_size = 0 
  -end 
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Ca               6.487e-005  6.487e-005 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   2.400     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 25 oC) = 1426 
                          Density (g/cm3)  =   0.99705 
                               Volume (L)  =   1.00296 
                        Activity of water  =   1.000 
                           Ionic strength  =  2.219e-003 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  = -4.179e-003 
                    Total carbon (mol/kg)  =  0.000e+000 
                       Total CO2 (mol/kg)  =  0.000e+000 
                      Temperature (deg C)  =  25.00 
                  Electrical balance (eq)  =  4.309e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  = 100.00 
                               Iterations  =   4 
                                  Total H  = 1.110166e+002 
                                  Total O  = 5.550622e+001 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             4.179e-003  3.981e-003    -2.379    -2.400    -0.021      0.00 
   OH-            2.679e-012  2.542e-012   -11.572   -11.595    -0.023     -4.09 
   H2O            5.551e+001  9.999e-001     1.744    -0.000     0.000     18.07 
Ca           6.487e-005 
   Ca+2           6.487e-005  5.287e-005    -4.188    -4.277    -0.089    -18.09 
   CaOH+          2.322e-015  2.204e-015   -14.634   -14.657    -0.023     (0)   
H(0)         2.243e-016 
   H2             1.121e-016  1.122e-016   -15.950   -15.950     0.000     28.61 
O(0)         0.000e+000 




 Phase               SI   log IAP   log K(298 K,   1 atm) 
 
 H2(g)           -12.85    -15.95   -3.10  H2 
 H2O(g)           -1.50     -0.00    1.50  H2O 
 O2(g)           -57.59    -60.48   -2.89  O2 
 
 




 Elements           Molality       Moles 
 
 Ca               2.495e-005  2.495e-005 
 




                                       pH  =   2.400     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 25 oC) = 1421 
                          Density (g/cm3)  =   0.99705 
                               Volume (L)  =   1.00297 
                        Activity of water  =   1.000 
                           Ionic strength  =  2.138e-003 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  = -4.176e-003 
                    Total carbon (mol/kg)  =  0.000e+000 
                       Total CO2 (mol/kg)  =  0.000e+000 
                      Temperature (deg C)  =  25.00 
                  Electrical balance (eq)  =  4.226e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  = 100.00 
                               Iterations  =   4 
                                  Total H  = 1.110166e+002 
                                  Total O  = 5.550622e+001 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             4.176e-003  3.981e-003    -2.379    -2.400    -0.021      0.00 
   OH-            2.677e-012  2.542e-012   -11.572   -11.595    -0.022     -4.09 
   H2O            5.551e+001  9.999e-001     1.744    -0.000     0.000     18.07 
Ca           2.495e-005 
   Ca+2           2.495e-005  2.041e-005    -4.603    -4.690    -0.087    -18.09 
   CaOH+          8.952e-016  8.506e-016   -15.048   -15.070    -0.022     (0)   
H(0)         2.243e-016 
   H2             1.121e-016  1.122e-016   -15.950   -15.950     0.000     28.61 
O(0)         0.000e+000 




 Phase               SI   log IAP   log K(298 K,   1 atm) 
 
 H2(g)           -12.85    -15.95   -3.10  H2 
 H2O(g)           -1.50     -0.00    1.50  H2O 








Reading input data for simulation 8. 
------------------------------------ 
 
 REM "Ca-Beidellite-Pyrophyllite" 
 SOLUTION_SPREAD 
     units    mg/l 
    pH     Ca 
  2.4    2.6 
  2    5 
 USER_GRAPH 
  -initial_solutions   true  
 START 
 10 PLOT_XY LA("H+"),  tot("Ca")*40.08e3,  color = black, line_w = 2,  symbol = 
circle, symbol_size = 0 
  -end 
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 






 Elements           Molality       Moles 
 
 Ca               6.487e-005  6.487e-005 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   2.400     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 25 oC) = 1426 
                          Density (g/cm3)  =   0.99705 
                               Volume (L)  =   1.00296 
                        Activity of water  =   1.000 
                           Ionic strength  =  2.219e-003 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  = -4.179e-003 
                    Total carbon (mol/kg)  =  0.000e+000 
                       Total CO2 (mol/kg)  =  0.000e+000 
                      Temperature (deg C)  =  25.00 
                  Electrical balance (eq)  =  4.309e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  = 100.00 
                               Iterations  =   4 
                                  Total H  = 1.110166e+002 
                                  Total O  = 5.550622e+001 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             4.179e-003  3.981e-003    -2.379    -2.400    -0.021      0.00 
   OH-            2.679e-012  2.542e-012   -11.572   -11.595    -0.023     -4.09 
   H2O            5.551e+001  9.999e-001     1.744    -0.000     0.000     18.07 
Ca           6.487e-005 
   Ca+2           6.487e-005  5.287e-005    -4.188    -4.277    -0.089    -18.09 
   CaOH+          2.322e-015  2.204e-015   -14.634   -14.657    -0.023     (0)   
H(0)         2.243e-016 
   H2             1.121e-016  1.122e-016   -15.950   -15.950     0.000     28.61 
O(0)         0.000e+000 




 Phase               SI   log IAP   log K(298 K,   1 atm) 
 
 H2(g)           -12.85    -15.95   -3.10  H2 
 H2O(g)           -1.50     -0.00    1.50  H2O 
 O2(g)           -57.59    -60.48   -2.89  O2 
 
 




 Elements           Molality       Moles 
 
 Ca               1.248e-004  1.248e-004 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   2.000     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 25 oC) = 3611 
                          Density (g/cm3)  =   0.99706 
                               Volume (L)  =   1.00296 
                        Activity of water  =   1.000 
                           Ionic strength  =  5.623e-003 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  = -1.075e-002 
                    Total carbon (mol/kg)  =  0.000e+000 
                       Total CO2 (mol/kg)  =  0.000e+000 
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                      Temperature (deg C)  =  25.00 
                  Electrical balance (eq)  =  1.100e-002 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  = 100.00 
                               Iterations  =   4 
                                  Total H  = 1.110232e+002 
                                  Total O  = 5.550622e+001 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             1.075e-002  1.000e-002    -1.969    -2.000    -0.031      0.00 
   OH-            1.097e-012  1.012e-012   -11.960   -11.995    -0.035     -4.06 
   H2O            5.551e+001  9.998e-001     1.744    -0.000     0.000     18.07 
Ca           1.248e-004 
   Ca+2           1.248e-004  9.136e-005    -3.904    -4.039    -0.135    -18.00 
   CaOH+          1.642e-015  1.516e-015   -14.785   -14.819    -0.035     (0)   
H(0)         1.414e-015 
   H2             7.070e-016  7.079e-016   -15.151   -15.150     0.001     28.61 
O(0)         0.000e+000 




 Phase               SI   log IAP   log K(298 K,   1 atm) 
 
 H2(g)           -12.05    -15.15   -3.10  H2 
 H2O(g)           -1.50     -0.00    1.50  H2O 








Reading input data for simulation 9. 
------------------------------------ 
 
 rem "Silica Saturation" 
 SOLUTION_SPREAD 
     units    mg/l 
    pH     K 
     4    0 
  4  19 
 USER_GRAPH 
  -initial_solutions   true  
 START 
 10 PLOT_XY LA("H+"),  tot("K")*39.0983e3,  color = magenta, line_w = 1,  symbol = 
none, symbol_size = 0 
  -end 
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Pure water      
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   4.000     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 25 oC) = 35 
                          Density (g/cm3)  =   0.99704 
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                               Volume (L)  =   1.00297 
                        Activity of water  =   1.000 
                           Ionic strength  =  5.041e-005 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  = -1.008e-004 
                    Total carbon (mol/kg)  =  0.000e+000 
                       Total CO2 (mol/kg)  =  0.000e+000 
                      Temperature (deg C)  =  25.00 
                  Electrical balance (eq)  =  1.008e-004 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  = 100.00 
                               Iterations  =   3 
                                  Total H  = 1.110125e+002 
                                  Total O  = 5.550622e+001 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             1.008e-004  1.000e-004    -3.996    -4.000    -0.004      0.00 
   OH-            1.021e-010  1.012e-010    -9.991    -9.995    -0.004     -4.13 
   H2O            5.551e+001  1.000e+000     1.744    -0.000     0.000     18.07 
H(0)         1.416e-019 
   H2             7.079e-020  7.079e-020   -19.150   -19.150     0.000     28.61 
O(0)         0.000e+000 




 Phase               SI   log IAP   log K(298 K,   1 atm) 
 
 H2(g)           -16.05    -19.15   -3.10  H2 
 H2O(g)           -1.50     -0.00    1.50  H2O 
 O2(g)           -51.19    -54.08   -2.89  O2 
 
 




 Elements           Molality       Moles 
 
 K                4.859e-004  4.859e-004 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   4.000     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 25 oC) = 70 
                          Density (g/cm3)  =   0.99706 
                               Volume (L)  =   1.00297 
                        Activity of water  =   1.000 
                           Ionic strength  =  2.939e-004 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  = -1.019e-004 
                    Total carbon (mol/kg)  =  0.000e+000 
                       Total CO2 (mol/kg)  =  0.000e+000 
                      Temperature (deg C)  =  25.00 
                  Electrical balance (eq)  =  5.879e-004 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  = 100.00 
                               Iterations  =   3 
                                  Total H  = 1.110125e+002 
                                  Total O  = 5.550622e+001 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             1.019e-004  1.000e-004    -3.992    -4.000    -0.008      0.00 
   OH-            1.032e-010  1.012e-010    -9.986    -9.995    -0.009     -4.12 
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   H2O            5.551e+001  1.000e+000     1.744    -0.000     0.000     18.07 
H(0)         1.416e-019 
   H2             7.079e-020  7.079e-020   -19.150   -19.150     0.000     28.61 
K            4.859e-004 
   K+             4.859e-004  4.764e-004    -3.313    -3.322    -0.009      9.00 
O(0)         0.000e+000 




 Phase               SI   log IAP   log K(298 K,   1 atm) 
 
 H2(g)           -16.05    -19.15   -3.10  H2 
 H2O(g)           -1.50     -0.00    1.50  H2O 








Reading input data for simulation 10. 
------------------------------------- 
 
 rem "Amorphous Silia Saturation" 
 SOLUTION_SPREAD 
     units    mg/l 
    pH     K 
     2.7   0 
  2.7  19 
 USER_GRAPH 
  -initial_solutions   true  
 START 
 10 PLOT_XY LA("H+"),  tot("K")*39.0983e3,  color = magenta, line_w = .5,  symbol = 
none, symbol_size = 0 
  -end 
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Pure water      
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   2.700     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 25 oC) = 707 
                          Density (g/cm3)  =   0.99705 
                               Volume (L)  =   1.00297 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.033e-003 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  = -2.065e-003 
                    Total carbon (mol/kg)  =  0.000e+000 
                       Total CO2 (mol/kg)  =  0.000e+000 
                      Temperature (deg C)  =  25.00 
                  Electrical balance (eq)  =  2.065e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  = 100.00 
                               Iterations  =   3 
                                  Total H  = 1.110145e+002 
                                  Total O  = 5.550622e+001 
 




                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             2.065e-003  1.995e-003    -2.685    -2.700    -0.015      0.00 
   OH-            5.261e-012  5.073e-012   -11.279   -11.295    -0.016     -4.11 
   H2O            5.551e+001  1.000e+000     1.744    -0.000     0.000     18.07 
H(0)         5.635e-017 
   H2             2.818e-017  2.818e-017   -16.550   -16.550     0.000     28.61 
O(0)         0.000e+000 




 Phase               SI   log IAP   log K(298 K,   1 atm) 
 
 H2(g)           -13.45    -16.55   -3.10  H2 
 H2O(g)           -1.50     -0.00    1.50  H2O 
 O2(g)           -56.39    -59.28   -2.89  O2 
 
 




 Elements           Molality       Moles 
 
 K                4.859e-004  4.859e-004 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   2.700     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 25 oC) = 743 
                          Density (g/cm3)  =   0.99706 
                               Volume (L)  =   1.00297 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.279e-003 
                       Mass of water (kg)  =  1.000e+000 
                 Total alkalinity (eq/kg)  = -2.073e-003 
                    Total carbon (mol/kg)  =  0.000e+000 
                       Total CO2 (mol/kg)  =  0.000e+000 
                      Temperature (deg C)  =  25.00 
                  Electrical balance (eq)  =  2.558e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  = 100.00 
                               Iterations  =   3 
                                  Total H  = 1.110145e+002 
                                  Total O  = 5.550622e+001 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             2.073e-003  1.995e-003    -2.684    -2.700    -0.016      0.00 
   OH-            5.281e-012  5.073e-012   -11.277   -11.295    -0.018     -4.10 
   H2O            5.551e+001  1.000e+000     1.744    -0.000     0.000     18.07 
H(0)         5.635e-017 
   H2             2.818e-017  2.818e-017   -16.550   -16.550     0.000     28.61 
K            4.859e-004 
   K+             4.859e-004  4.667e-004    -3.313    -3.331    -0.018      9.01 
O(0)         0.000e+000 




 Phase               SI   log IAP   log K(298 K,   1 atm) 
 
 H2(g)           -13.45    -16.55   -3.10  H2 
 H2O(g)           -1.50     -0.00    1.50  H2O 










Reading input data for simulation 11. 
------------------------------------- 
 
 rem "Site 1" 
 SOLUTION_SPREAD 
     units    mg/l 
  Alkalinity  Ca    F   K  Mg  N(5)  N(-3)  O(0)    P   pH  
S(6)    Si  Temperature  Cl   Br  Number  Description  Na 
         210  99  1.1  .9  45    .2      0  10.5  .11  7.4 
  13.2          7.4  21  .04       1          Nov  10 
 USER_GRAPH 
     -initial_solutions      true 
 START 
         -headings 1 
 10 PLOT_XY LA("H4SiO4"),(LA("Ca+2")-2*LA("H+")), color = orange, line_w = 0,   
 symbol = TriangleDown, symbol_size = 10  
  -end  
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Alkalinity       4.198e-003  4.198e-003 
 Br               5.008e-007  5.008e-007 
 Ca               2.471e-003  2.471e-003 
 Cl               5.926e-004  5.926e-004 
 F                5.792e-005  5.792e-005 
 K                2.303e-005  2.303e-005 
 Mg               1.852e-003  1.852e-003 
 N(5)             1.428e-005  1.428e-005 
 Na               4.352e-004  4.352e-004 
 O(0)             6.565e-004  6.565e-004 
 P                3.553e-006  3.553e-006 
 Si               2.198e-004  2.198e-004 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.400     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 7 oC) = 407 
                          Density (g/cm3)  =   1.00031 
                               Volume (L)  =   1.00041 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.105e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  4.632e-003 
                       Total CO2 (mol/kg)  =  4.632e-003 
                      Temperature (deg C)  =   7.40 
                  Electrical balance (eq)  =  4.237e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =  30.93 
                               Iterations  =   8 
                                  Total H  = 1.110175e+002 








 O(-2)/O(0)          14.7989      0.8238 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   OH-            6.506e-008  5.845e-008    -7.187    -7.233    -0.047     -5.19 
   H+             4.364e-008  3.981e-008    -7.360    -7.400    -0.040      0.00 
   H2O            5.551e+001  9.998e-001     1.744    -0.000     0.000     18.02 
Br           5.008e-007 
   Br-            5.008e-007  4.491e-007    -6.300    -6.348    -0.047     23.73 
C(4)         4.632e-003 
   HCO3-          4.055e-003  3.664e-003    -2.392    -2.436    -0.044     22.66 
   CO2            4.495e-004  4.507e-004    -3.347    -3.346     0.001     36.48 
   CaHCO3+        5.591e-005  5.061e-005    -4.253    -4.296    -0.043      8.80 
   MgHCO3+        5.481e-005  4.931e-005    -4.261    -4.307    -0.046      4.81 
   CaCO3          5.984e-006  5.999e-006    -5.223    -5.222     0.001    -14.67 
   CO3-2          4.154e-006  2.770e-006    -5.382    -5.558    -0.176     -7.38 
   NaHCO3         3.727e-006  3.736e-006    -5.429    -5.428     0.001     19.41 
   MgCO3          2.417e-006  2.423e-006    -5.617    -5.616     0.001    -17.07 
   NaCO3-         4.946e-009  4.470e-009    -8.306    -8.350    -0.044     -3.13 
Ca           2.471e-003 
   Ca+2           2.409e-003  1.605e-003    -2.618    -2.794    -0.176    -18.34 
   CaHCO3+        5.591e-005  5.061e-005    -4.253    -4.296    -0.043      8.80 
   CaCO3          5.984e-006  5.999e-006    -5.223    -5.222     0.001    -14.67 
   CaHPO4         6.036e-007  6.052e-007    -6.219    -6.218     0.001     (0)   
   CaPO4-         2.797e-008  2.528e-008    -7.553    -7.597    -0.044     (0)   
   CaH2PO4+       2.202e-008  1.990e-008    -7.657    -7.701    -0.044     (0)   
   CaOH+          7.430e-009  6.690e-009    -8.129    -8.175    -0.046     (0)   
Cl           5.926e-004 
   Cl-            5.926e-004  5.328e-004    -3.227    -3.273    -0.046     17.23 
F            5.792e-005 
   F-             5.482e-005  4.925e-005    -4.261    -4.308    -0.047     -1.56 
   MgF+           3.091e-006  2.786e-006    -5.510    -5.555    -0.045    -10.60 
   NaF            1.100e-008  1.103e-008    -7.959    -7.958     0.001      6.39 
   HF             2.163e-009  2.168e-009    -8.665    -8.664     0.001     11.44 
   HF2-           3.811e-013  3.432e-013   -12.419   -12.464    -0.046     20.90 
   SiF6-2         1.006e-028  6.674e-029   -27.998   -28.176    -0.178     41.04 
H(0)         2.697e-026 
   H2             1.348e-026  1.352e-026   -25.870   -25.869     0.001     28.63 
K            2.303e-005 
   K+             2.303e-005  2.069e-005    -4.638    -4.684    -0.046      8.31 
   KHPO4-         4.355e-011  3.935e-011   -10.361   -10.405    -0.044     (0)   
Mg           1.852e-003 
   Mg+2           1.791e-003  1.202e-003    -2.747    -2.920    -0.173    -20.94 
   MgHCO3+        5.481e-005  4.931e-005    -4.261    -4.307    -0.046      4.81 
   MgF+           3.091e-006  2.786e-006    -5.510    -5.555    -0.045    -10.60 
   MgCO3          2.417e-006  2.423e-006    -5.617    -5.616     0.001    -17.07 
   MgHPO4         6.110e-007  6.125e-007    -6.214    -6.213     0.001     (0)   
   MgPO4-         2.825e-008  2.553e-008    -7.549    -7.593    -0.044     (0)   
   MgOH+          2.232e-008  2.024e-008    -7.651    -7.694    -0.043     (0)   
   MgH2PO4+       2.099e-008  1.897e-008    -7.678    -7.722    -0.044     (0)   
N(5)         1.428e-005 
   NO3-           1.428e-005  1.281e-005    -4.845    -4.892    -0.047     27.35 
Na           4.352e-004 
   Na+            4.314e-004  3.891e-004    -3.365    -3.410    -0.045     -2.52 
   NaHCO3         3.727e-006  3.736e-006    -5.429    -5.428     0.001     19.41 
   NaF            1.100e-008  1.103e-008    -7.959    -7.958     0.001      6.39 
   NaCO3-         4.946e-009  4.470e-009    -8.306    -8.350    -0.044     -3.13 
   NaHPO4-        8.188e-010  7.399e-010    -9.087    -9.131    -0.044     (0)   
   NaOH           2.268e-021  2.274e-021   -20.644   -20.643     0.001     (0)   
O(0)         6.565e-004 
   O2             3.283e-004  3.291e-004    -3.484    -3.483     0.001     28.62 
P            3.553e-006 
   HPO4-2         1.470e-006  9.753e-007    -5.833    -6.011    -0.178      5.26 
   H2PO4-         7.685e-007  6.945e-007    -6.114    -6.158    -0.044     29.76 
   MgHPO4         6.110e-007  6.125e-007    -6.214    -6.213     0.001     (0)   
   CaHPO4         6.036e-007  6.052e-007    -6.219    -6.218     0.001     (0)   
   MgPO4-         2.825e-008  2.553e-008    -7.549    -7.593    -0.044     (0)   
   CaPO4-         2.797e-008  2.528e-008    -7.553    -7.597    -0.044     (0)   
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   CaH2PO4+       2.202e-008  1.990e-008    -7.657    -7.701    -0.044     (0)   
   MgH2PO4+       2.099e-008  1.897e-008    -7.678    -7.722    -0.044     (0)   
   NaHPO4-        8.188e-010  7.399e-010    -9.087    -9.131    -0.044     (0)   
   KHPO4-         4.355e-011  3.935e-011   -10.361   -10.405    -0.044     (0)   
   PO4-3          1.966e-011  7.600e-012   -10.706   -11.119    -0.413    -28.76 
Si           2.198e-004 
   H4SiO4         2.193e-004  2.199e-004    -3.659    -3.658     0.001     54.03 
   H3SiO4-        4.544e-007  4.088e-007    -6.343    -6.388    -0.046     27.28 
   H2SiO4-2       2.931e-013  1.954e-013   -12.533   -12.709    -0.176     (0)   




 Phase               SI   log IAP   log K(280 K,   1 atm) 
 
 Aragonite        -0.11     -8.35   -8.24  CaCO3 
 Calcite           0.05     -8.35   -8.40  CaCO3 
 Chalcedony        0.11     -3.66   -3.77  SiO2 
 Chrysotile       -6.19     28.32   34.51  Mg3Si2O5(OH)4 
 CO2(g)           -2.11     -3.35   -1.23  CO2 
 Dolomite         -0.17    -16.83  -16.66  CaMg(CO3)2 
 Fluorite         -0.57    -11.41  -10.84  CaF2 
 H2(g)           -22.82    -25.87   -3.04  H2 
 H2O(g)           -1.99     -0.00    1.99  H2O 
 Halite           -8.21     -6.68    1.53  NaCl 
 Hydroxyapatite   -0.65     -2.41   -1.76  Ca5(PO4)3OH 
 O2(g)            -0.74     -3.48   -2.74  O2 
 Quartz            0.60     -3.66   -4.26  SiO2 
 Sepiolite        -3.47     12.79   16.25  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -5.87     12.79   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -0.79     -3.66   -2.87  SiO2 
 Sylvite          -8.66     -7.96    0.71  KCl 








Reading input data for simulation 12. 
------------------------------------- 
 
 rem "Site 2" 
 SOLUTION_SPREAD 
     units    mg/l 
  Alkalinity  Ca   F  K  Mg  N(5)  N(-3)  O(0)    P   pH  
S(6)   Si  Temperature  Cl   Br  Number  Description   Na            
            
     
         269  97  .5  1  43    .2      0  12.4  .07  7.5   
100  6.2            7  20  .04       2          Nov  6.7 
 USER_GRAPH 
     -initial_solutions      true 
 START 
         -headings 2 
 10 PLOT_XY LA("H4SiO4"),(LA("Ca+2")-2*LA("H+")), color = orange, line_w = 2,   
 symbol = TriangleDown, symbol_size = 14  
  -end  
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Alkalinity       5.378e-003  5.378e-003 
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 Br               5.009e-007  5.009e-007 
 Ca               2.422e-003  2.422e-003 
 Cl               5.644e-004  5.644e-004 
 F                2.633e-005  2.633e-005 
 K                2.559e-005  2.559e-005 
 Mg               1.770e-003  1.770e-003 
 N(5)             1.429e-005  1.429e-005 
 Na               2.916e-004  2.916e-004 
 O(0)             7.754e-004  7.754e-004 
 P                2.261e-006  2.261e-006 
 S(6)             1.042e-003  1.042e-003 
 Si               1.032e-004  1.032e-004 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.500     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 7 oC) = 473 
                          Density (g/cm3)  =   1.00044 
                               Volume (L)  =   1.00055 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.251e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  5.818e-003 
                       Total CO2 (mol/kg)  =  5.818e-003 
                      Temperature (deg C)  =   7.00 
                  Electrical balance (eq)  =  6.305e-004 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =   4.03 
                               Iterations  =   9 
                                  Total H  = 1.110182e+002 




 Redox couple             pe  Eh (volts) 
 
 O(-2)/O(0)          14.7545      0.8201 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   OH-            7.944e-008  7.093e-008    -7.100    -7.149    -0.049     -5.22 
   H+             3.481e-008  3.162e-008    -7.458    -7.500    -0.042      0.00 
   H2O            5.551e+001  9.998e-001     1.744    -0.000     0.000     18.02 
Br           5.009e-007 
   Br-            5.009e-007  4.464e-007    -6.300    -6.350    -0.050     23.70 
C(4)         5.818e-003 
   HCO3-          5.209e-003  4.682e-003    -2.283    -2.330    -0.046     22.61 
   CO2            4.606e-004  4.619e-004    -3.337    -3.335     0.001     36.67 
   CaHCO3+        6.418e-005  5.780e-005    -4.193    -4.238    -0.045      8.78 
   MgHCO3+        6.240e-005  5.582e-005    -4.205    -4.253    -0.048      4.79 
   CaCO3          8.592e-006  8.617e-006    -5.066    -5.065     0.001    -14.67 
   CO3-2          6.742e-006  4.400e-006    -5.171    -5.357    -0.185     -7.47 
   MgCO3          3.381e-006  3.391e-006    -5.471    -5.470     0.001    -17.07 
   NaHCO3         3.160e-006  3.169e-006    -5.500    -5.499     0.001     19.41 
   NaCO3-         5.231e-009  4.702e-009    -8.281    -8.328    -0.046     -3.21 
Ca           2.422e-003 
   Ca+2           2.227e-003  1.453e-003    -2.652    -2.838    -0.186    -18.34 
   CaSO4          1.211e-004  1.215e-004    -3.917    -3.915     0.001      6.59 
   CaHCO3+        6.418e-005  5.780e-005    -4.193    -4.238    -0.045      8.78 
   CaCO3          8.592e-006  8.617e-006    -5.066    -5.065     0.001    -14.67 
   CaHPO4         3.723e-007  3.734e-007    -6.429    -6.428     0.001     (0)   
   CaPO4-         2.166e-008  1.947e-008    -7.664    -7.711    -0.046     (0)   
   CaH2PO4+       1.087e-008  9.774e-009    -7.964    -8.010    -0.046     (0)   
   CaOH+          8.514e-009  7.623e-009    -8.070    -8.118    -0.048     (0)   
   CaHSO4+        2.269e-011  2.031e-011   -10.644   -10.692    -0.048     (0)   
Cl           5.644e-004 
   Cl-            5.644e-004  5.045e-004    -3.248    -3.297    -0.049     17.20 
F            2.633e-005 
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   F-             2.509e-005  2.240e-005    -4.601    -4.650    -0.049     -1.56 
   MgF+           1.243e-006  1.114e-006    -5.906    -5.953    -0.048    -10.60 
   NaF            3.317e-009  3.327e-009    -8.479    -8.478     0.001      6.36 
   HF             7.760e-010  7.782e-010    -9.110    -9.109     0.001     11.40 
   HF2-           6.226e-014  5.575e-014   -13.206   -13.254    -0.048     20.86 
   SiF6-2         1.775e-031  1.153e-031   -30.751   -30.938    -0.188     41.00 
H(0)         1.709e-026 
   H2             8.543e-027  8.567e-027   -26.068   -26.067     0.001     28.63 
K            2.559e-005 
   K+             2.552e-005  2.280e-005    -4.593    -4.642    -0.049      8.29 
   KSO4-          6.926e-008  6.225e-008    -7.160    -7.206    -0.046     (0)   
   KHPO4-         3.315e-011  2.980e-011   -10.479   -10.526    -0.046     (0)   
Mg           1.770e-003 
   Mg+2           1.620e-003  1.065e-003    -2.791    -2.973    -0.182    -20.90 
   MgSO4          8.248e-005  8.272e-005    -4.084    -4.082     0.001      4.92 
   MgHCO3+        6.240e-005  5.582e-005    -4.205    -4.253    -0.048      4.79 
   MgCO3          3.381e-006  3.391e-006    -5.471    -5.470     0.001    -17.07 
   MgF+           1.243e-006  1.114e-006    -5.906    -5.953    -0.048    -10.60 
   MgHPO4         3.689e-007  3.699e-007    -6.433    -6.432     0.001     (0)   
   MgOH+          2.403e-008  2.167e-008    -7.619    -7.664    -0.045     (0)   
   MgPO4-         2.141e-008  1.924e-008    -7.669    -7.716    -0.046     (0)   
   MgH2PO4+       1.015e-008  9.121e-009    -7.994    -8.040    -0.046     (0)   
N(5)         1.429e-005 
   NO3-           1.429e-005  1.273e-005    -4.845    -4.895    -0.050     27.28 
Na           2.916e-004 
   Na+            2.877e-004  2.581e-004    -3.541    -3.588    -0.047     -2.55 
   NaHCO3         3.160e-006  3.169e-006    -5.500    -5.499     0.001     19.41 
   NaSO4-         6.919e-007  6.219e-007    -6.160    -6.206    -0.046     18.07 
   NaCO3-         5.231e-009  4.702e-009    -8.281    -8.328    -0.046     -3.21 
   NaF            3.317e-009  3.327e-009    -8.479    -8.478     0.001      6.36 
   NaHPO4-        3.753e-010  3.374e-010    -9.426    -9.472    -0.046     (0)   
   NaOH           1.825e-021  1.831e-021   -20.739   -20.737     0.001     (0)   
O(0)         7.754e-004 
   O2             3.877e-004  3.888e-004    -3.411    -3.410     0.001     28.57 
P            2.261e-006 
   HPO4-2         1.033e-006  6.704e-007    -5.986    -6.174    -0.188      5.27 
   H2PO4-         4.229e-007  3.802e-007    -6.374    -6.420    -0.046     29.71 
   CaHPO4         3.723e-007  3.734e-007    -6.429    -6.428     0.001     (0)   
   MgHPO4         3.689e-007  3.699e-007    -6.433    -6.432     0.001     (0)   
   CaPO4-         2.166e-008  1.947e-008    -7.664    -7.711    -0.046     (0)   
   MgPO4-         2.141e-008  1.924e-008    -7.669    -7.716    -0.046     (0)   
   CaH2PO4+       1.087e-008  9.774e-009    -7.964    -8.010    -0.046     (0)   
   MgH2PO4+       1.015e-008  9.121e-009    -7.994    -8.040    -0.046     (0)   
   NaHPO4-        3.753e-010  3.374e-010    -9.426    -9.472    -0.046     (0)   
   KHPO4-         3.315e-011  2.980e-011   -10.479   -10.526    -0.046     (0)   
   PO4-3          1.777e-011  6.518e-012   -10.750   -11.186    -0.436    -28.69 
S(6)         1.042e-003 
   SO4-2          8.372e-004  5.429e-004    -3.077    -3.265    -0.188     10.83 
   CaSO4          1.211e-004  1.215e-004    -3.917    -3.915     0.001      6.59 
   MgSO4          8.248e-005  8.272e-005    -4.084    -4.082     0.001      4.92 
   NaSO4-         6.919e-007  6.219e-007    -6.160    -6.206    -0.046     18.07 
   KSO4-          6.926e-008  6.225e-008    -7.160    -7.206    -0.046     (0)   
   HSO4-          1.299e-009  1.163e-009    -8.886    -8.934    -0.048     38.56 
   CaHSO4+        2.269e-011  2.031e-011   -10.644   -10.692    -0.048     (0)   
Si           1.032e-004 
   H4SiO4         1.030e-004  1.033e-004    -3.987    -3.986     0.001     54.09 
   H3SiO4-        2.655e-007  2.375e-007    -6.576    -6.624    -0.048     27.26 
   H2SiO4-2       2.121e-013  1.384e-013   -12.673   -12.859    -0.185     (0)   




 Phase               SI   log IAP   log K(280 K,   1 atm) 
 
 Anhydrite        -2.01     -6.10   -4.09  CaSO4 
 Aragonite         0.05     -8.19   -8.24  CaCO3 
 Calcite           0.21     -8.19   -8.40  CaCO3 
 Chalcedony       -0.21     -3.99   -3.77  SiO2 
 Chrysotile       -6.46     28.11   34.57  Mg3Si2O5(OH)4 
 CO2(g)           -2.11     -3.34   -1.23  CO2 
 Dolomite          0.12    -16.52  -16.65  CaMg(CO3)2 
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 Fluorite         -1.29    -12.14  -10.84  CaF2 
 Gypsum           -1.51     -6.10   -4.60  CaSO4:2H2O 
 H2(g)           -23.02    -26.07   -3.04  H2 
 H2O(g)           -2.00     -0.00    2.00  H2O 
 Halite           -8.41     -6.89    1.53  NaCl 
 Hydroxyapatite   -0.99     -2.71   -1.72  Ca5(PO4)3OH 
 O2(g)            -0.67     -3.41   -2.74  O2 
 Quartz            0.28     -3.99   -4.26  SiO2 
 Sepiolite        -4.17     12.10   16.26  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -6.56     12.10   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.12     -3.99   -2.87  SiO2 
 Sylvite          -8.64     -7.94    0.70  KCl 








Reading input data for simulation 13. 
------------------------------------- 
 
 rem "Site 3" 
 SOLUTION_SPREAD 
     units    mg/l 
  Alkalinity  Ca   F    K  Mg  N(5)  N(-3)  O(0)    P   pH  
S(6)   Si  Temperature  Cl   Br  Number  Description   Na            
            
    
         252  89  .5  1.1  43    .6      0  12.4  .09  7.8    
68  6.5          7.2  22  .04       3          Nov  4.5 
 USER_GRAPH 
     -initial_solutions      true 
 START 
         -headings 3 
 10 PLOT_XY LA("H4SiO4"),(LA("Ca+2")-2*LA("H+")), color = orange, line_w = 2,   
 symbol = TriangleDown, symbol_size = 10  
  -end  
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Alkalinity       5.038e-003  5.038e-003 
 Br               5.009e-007  5.009e-007 
 Ca               2.222e-003  2.222e-003 
 Cl               6.209e-004  6.209e-004 
 F                2.633e-005  2.633e-005 
 K                2.815e-005  2.815e-005 
 Mg               1.770e-003  1.770e-003 
 N(5)             4.286e-005  4.286e-005 
 Na               1.958e-004  1.958e-004 
 O(0)             7.754e-004  7.754e-004 
 P                2.907e-006  2.907e-006 
 S(6)             7.082e-004  7.082e-004 
 Si               1.082e-004  1.082e-004 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.800     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 7 oC) = 438 
                          Density (g/cm3)  =   1.00038 
                               Volume (L)  =   1.00049 
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                        Activity of water  =   1.000 
                           Ionic strength  =  1.153e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  5.215e-003 
                       Total CO2 (mol/kg)  =  5.215e-003 
                      Temperature (deg C)  =   7.20 
                  Electrical balance (eq)  =  1.059e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =   7.32 
                               Iterations  =   9 
                                  Total H  = 1.110178e+002 




 Redox couple             pe  Eh (volts) 
 
 O(-2)/O(0)          14.4357      0.8030 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   OH-            1.608e-007  1.441e-007    -6.794    -6.841    -0.047     -5.21 
   H+             1.740e-008  1.585e-008    -7.760    -7.800    -0.040      0.00 
   H2O            5.551e+001  9.998e-001     1.744    -0.000     0.000     18.02 
Br           5.009e-007 
   Br-            5.009e-007  4.483e-007    -6.300    -6.348    -0.048     23.72 
C(4)         5.215e-003 
   HCO3-          4.848e-003  4.373e-003    -2.314    -2.359    -0.045     22.63 
   CO2            2.146e-004  2.151e-004    -3.668    -3.667     0.001     36.58 
   MgHCO3+        5.968e-005  5.360e-005    -4.224    -4.271    -0.047      4.80 
   CaHCO3+        5.668e-005  5.121e-005    -4.247    -4.291    -0.044      8.79 
   CaCO3          1.520e-005  1.524e-005    -4.818    -4.817     0.001    -14.67 
   CO3-2          1.246e-005  8.251e-006    -4.904    -5.083    -0.179     -7.43 
   MgCO3          6.539e-006  6.556e-006    -5.185    -5.183     0.001    -17.07 
   NaHCO3         1.992e-006  1.997e-006    -5.701    -5.700     0.001     19.41 
   NaCO3-         6.604e-009  5.957e-009    -8.180    -8.225    -0.045     -3.17 
Ca           2.222e-003 
   Ca+2           2.070e-003  1.370e-003    -2.684    -2.863    -0.179    -18.34 
   CaSO4          7.904e-005  7.925e-005    -4.102    -4.101     0.001      6.61 
   CaHCO3+        5.668e-005  5.121e-005    -4.247    -4.291    -0.044      8.79 
   CaCO3          1.520e-005  1.524e-005    -4.818    -4.817     0.001    -14.67 
   CaHPO4         4.981e-007  4.994e-007    -6.303    -6.302     0.001     (0)   
   CaPO4-         5.784e-008  5.218e-008    -7.238    -7.283    -0.045     (0)   
   CaOH+          1.596e-008  1.434e-008    -7.797    -7.843    -0.046     (0)   
   CaH2PO4+       7.255e-009  6.544e-009    -8.139    -8.184    -0.045     (0)   
   CaHSO4+        7.404e-012  6.654e-012   -11.131   -11.177    -0.046     (0)   
Cl           6.209e-004 
   Cl-            6.209e-004  5.571e-004    -3.207    -3.254    -0.047     17.22 
F            2.633e-005 
   F-             2.505e-005  2.246e-005    -4.601    -4.649    -0.047     -1.56 
   MgF+           1.281e-006  1.152e-006    -5.892    -5.938    -0.046    -10.60 
   NaF            2.245e-009  2.251e-009    -8.649    -8.648     0.001      6.37 
   HF             3.913e-010  3.923e-010    -9.408    -9.406     0.001     11.42 
   HF2-           3.142e-014  2.824e-014   -13.503   -13.549    -0.046     20.88 
   SiF6-2         1.147e-032  7.556e-033   -31.940   -32.122    -0.181     41.01 
H(0)         4.283e-027 
   H2             2.141e-027  2.147e-027   -26.669   -26.668     0.001     28.63 
K            2.815e-005 
   K+             2.809e-005  2.520e-005    -4.551    -4.599    -0.047      8.30 
   KSO4-          5.290e-008  4.772e-008    -7.277    -7.321    -0.045     (0)   
   KHPO4-         5.158e-011  4.653e-011   -10.287   -10.332    -0.045     (0)   
Mg           1.770e-003 
   Mg+2           1.642e-003  1.094e-003    -2.785    -2.961    -0.176    -20.92 
   MgHCO3+        5.968e-005  5.360e-005    -4.224    -4.271    -0.047      4.80 
   MgSO4          5.893e-005  5.909e-005    -4.230    -4.229     0.001      4.94 
   MgCO3          6.539e-006  6.556e-006    -5.185    -5.183     0.001    -17.07 
   MgF+           1.281e-006  1.152e-006    -5.892    -5.938    -0.046    -10.60 
   MgHPO4         5.381e-007  5.395e-007    -6.269    -6.268     0.001     (0)   
   MgPO4-         6.235e-008  5.624e-008    -7.205    -7.250    -0.045     (0)   
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   MgOH+          5.013e-008  4.537e-008    -7.300    -7.343    -0.043     (0)   
   MgH2PO4+       7.383e-009  6.659e-009    -8.132    -8.177    -0.045     (0)   
N(5)         4.286e-005 
   NO3-           4.286e-005  3.836e-005    -4.368    -4.416    -0.048     27.31 
Na           1.958e-004 
   Na+            1.935e-004  1.742e-004    -3.713    -3.759    -0.046     -2.54 
   NaHCO3         1.992e-006  1.997e-006    -5.701    -5.700     0.001     19.41 
   NaSO4-         3.219e-007  2.904e-007    -6.492    -6.537    -0.045     18.07 
   NaCO3-         6.604e-009  5.957e-009    -8.180    -8.225    -0.045     -3.17 
   NaF            2.245e-009  2.251e-009    -8.649    -8.648     0.001      6.37 
   NaHPO4-        3.566e-010  3.217e-010    -9.448    -9.493    -0.045     (0)   
   NaOH           2.505e-021  2.511e-021   -20.601   -20.600     0.001     (0)   
O(0)         7.754e-004 
   O2             3.877e-004  3.887e-004    -3.412    -3.410     0.001     28.59 
P            2.907e-006 
   HPO4-2         1.438e-006  9.471e-007    -5.842    -6.024    -0.181      5.26 
   MgHPO4         5.381e-007  5.395e-007    -6.269    -6.268     0.001     (0)   
   CaHPO4         4.981e-007  4.994e-007    -6.303    -6.302     0.001     (0)   
   H2PO4-         2.980e-007  2.688e-007    -6.526    -6.571    -0.045     29.73 
   MgPO4-         6.235e-008  5.624e-008    -7.205    -7.250    -0.045     (0)   
   CaPO4-         5.784e-008  5.218e-008    -7.238    -7.283    -0.045     (0)   
   MgH2PO4+       7.383e-009  6.659e-009    -8.132    -8.177    -0.045     (0)   
   CaH2PO4+       7.255e-009  6.544e-009    -8.139    -8.184    -0.045     (0)   
   NaHPO4-        3.566e-010  3.217e-010    -9.448    -9.493    -0.045     (0)   
   KHPO4-         5.158e-011  4.653e-011   -10.287   -10.332    -0.045     (0)   
   PO4-3          4.858e-011  1.845e-011   -10.314   -10.734    -0.420    -28.74 
S(6)         7.082e-004 
   SO4-2          5.699e-004  3.750e-004    -3.244    -3.426    -0.182     10.87 
   CaSO4          7.904e-005  7.925e-005    -4.102    -4.101     0.001      6.61 
   MgSO4          5.893e-005  5.909e-005    -4.230    -4.229     0.001      4.94 
   NaSO4-         3.219e-007  2.904e-007    -6.492    -6.537    -0.045     18.07 
   KSO4-          5.290e-008  4.772e-008    -7.277    -7.321    -0.045     (0)   
   HSO4-          4.496e-010  4.041e-010    -9.347    -9.394    -0.046     38.58 
   CaHSO4+        7.404e-012  6.654e-012   -11.131   -11.177    -0.046     (0)   
Si           1.082e-004 
   H4SiO4         1.077e-004  1.080e-004    -3.968    -3.967     0.001     54.06 
   H3SiO4-        5.566e-007  4.998e-007    -6.254    -6.301    -0.047     27.27 
   H2SiO4-2       8.922e-013  5.907e-013   -12.050   -12.229    -0.179     (0)   




 Phase               SI   log IAP   log K(280 K,   1 atm) 
 
 Anhydrite        -2.19     -6.29   -4.10  CaSO4 
 Aragonite         0.30     -7.95   -8.24  CaCO3 
 Calcite           0.45     -7.95   -8.40  CaCO3 
 Chalcedony       -0.20     -3.97   -3.77  SiO2 
 Chrysotile       -4.56     29.98   34.54  Mg3Si2O5(OH)4 
 CO2(g)           -2.44     -3.67   -1.23  CO2 
 Dolomite          0.66    -15.99  -16.65  CaMg(CO3)2 
 Fluorite         -1.32    -12.16  -10.84  CaF2 
 Gypsum           -1.69     -6.29   -4.60  CaSO4:2H2O 
 H2(g)           -23.62    -26.67   -3.04  H2 
 H2O(g)           -1.99     -0.00    1.99  H2O 
 Halite           -8.54     -7.01    1.53  NaCl 
 Hydroxyapatite    0.55     -1.19   -1.74  Ca5(PO4)3OH 
 O2(g)            -0.67     -3.41   -2.74  O2 
 Quartz            0.29     -3.97   -4.26  SiO2 
 Sepiolite        -2.88     13.38   16.26  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -5.28     13.38   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.10     -3.97   -2.87  SiO2 
 Sylvite          -8.56     -7.85    0.70  KCl 










Reading input data for simulation 14. 
------------------------------------- 
 
 rem "Site 5" 
 SOLUTION_SPREAD 
     units    mg/l 
  Alkalinity  Ca   F    K  Mg  N(5)  N(-3)  O(0)    P   pH  
S(6)   Si  Temperature  Cl   Br  Number  Description    Na            
            
     
         270  85  .4  1.6  40   1.3      0  14.3  .07  7.5    
60  3.5            7  22  .05       5          Nov  11.1 
 USER_GRAPH 
     -initial_solutions      true 
 START 
         -headings 5 
 10 PLOT_XY LA("H4SiO4"),(LA("Ca+2")-2*LA("H+")), color = orange, line_w = 0,   
 symbol = TriangleDown, symbol_size = 13  
  -end  
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Alkalinity       5.398e-003  5.398e-003 
 Br               6.261e-007  6.261e-007 
 Ca               2.122e-003  2.122e-003 
 Cl               6.209e-004  6.209e-004 
 F                2.107e-005  2.107e-005 
 K                4.094e-005  4.094e-005 
 Mg               1.646e-003  1.646e-003 
 N(5)             9.286e-005  9.286e-005 
 Na               4.831e-004  4.831e-004 
 O(0)             8.942e-004  8.942e-004 
 P                2.261e-006  2.261e-006 
 S(6)             6.249e-004  6.249e-004 
 Si               5.828e-005  5.828e-005 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.500     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 7 oC) = 440 
                          Density (g/cm3)  =   1.00039 
                               Volume (L)  =   1.00053 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.137e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  5.843e-003 
                       Total CO2 (mol/kg)  =  5.843e-003 
                      Temperature (deg C)  =   7.00 
                  Electrical balance (eq)  =  6.746e-004 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =   4.60 
                               Iterations  =   9 
                                  Total H  = 1.110180e+002 




 Redox couple             pe  Eh (volts) 
 
 O(-2)/O(0)          14.7699      0.8210 
 




                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   OH-            7.906e-008  7.093e-008    -7.102    -7.149    -0.047     -5.23 
   H+             3.470e-008  3.162e-008    -7.460    -7.500    -0.040      0.00 
   H2O            5.551e+001  9.998e-001     1.744    -0.000     0.000     18.02 
Br           6.261e-007 
   Br-            6.261e-007  5.607e-007    -6.203    -6.251    -0.048     23.70 
C(4)         5.843e-003 
   HCO3-          5.236e-003  4.726e-003    -2.281    -2.326    -0.045     22.60 
   CO2            4.650e-004  4.663e-004    -3.333    -3.331     0.001     36.67 
   MgHCO3+        6.028e-005  5.417e-005    -4.220    -4.266    -0.046      4.79 
   CaHCO3+        5.854e-005  5.293e-005    -4.233    -4.276    -0.044      8.77 
   CaCO3          7.871e-006  7.892e-006    -5.104    -5.103     0.001    -14.67 
   CO3-2          6.693e-006  4.442e-006    -5.174    -5.352    -0.178     -7.49 
   NaHCO3         5.313e-006  5.327e-006    -5.275    -5.274     0.001     19.41 
   MgCO3          3.282e-006  3.290e-006    -5.484    -5.483     0.001    -17.07 
   NaCO3-         8.756e-009  7.903e-009    -8.058    -8.102    -0.045     -3.21 
Ca           2.122e-003 
   Ca+2           1.987e-003  1.318e-003    -2.702    -2.880    -0.178    -18.35 
   CaSO4          6.779e-005  6.797e-005    -4.169    -4.168     0.001      6.59 
   CaHCO3+        5.854e-005  5.293e-005    -4.233    -4.276    -0.044      8.77 
   CaCO3          7.871e-006  7.892e-006    -5.104    -5.103     0.001    -14.67 
   CaHPO4         3.490e-007  3.499e-007    -6.457    -6.456     0.001     (0)   
   CaPO4-         2.021e-008  1.824e-008    -7.694    -7.739    -0.045     (0)   
   CaH2PO4+       1.015e-008  9.159e-009    -7.994    -8.038    -0.045     (0)   
   CaOH+          7.691e-009  6.916e-009    -8.114    -8.160    -0.046     (0)   
   CaHSO4+        1.264e-011  1.136e-011   -10.898   -10.944    -0.046     (0)   
Cl           6.209e-004 
   Cl-            6.209e-004  5.575e-004    -3.207    -3.254    -0.047     17.20 
F            2.107e-005 
   F-             2.010e-005  1.803e-005    -4.697    -4.744    -0.047     -1.57 
   MgF+           9.576e-007  8.620e-007    -6.019    -6.065    -0.046    -10.60 
   NaF            4.448e-009  4.460e-009    -8.352    -8.351     0.001      6.36 
   HF             6.249e-010  6.266e-010    -9.204    -9.203     0.001     11.40 
   HF2-           4.018e-014  3.614e-014   -13.396   -13.442    -0.046     20.85 
   SiF6-2         2.682e-032  1.772e-032   -31.571   -31.752    -0.180     40.98 
H(0)         1.709e-026 
   H2             8.545e-027  8.567e-027   -26.068   -26.067     0.001     28.63 
K            4.094e-005 
   K+             4.087e-005  3.668e-005    -4.389    -4.436    -0.047      8.28 
   KSO4-          6.844e-008  6.177e-008    -7.165    -7.209    -0.045     (0)   
   KHPO4-         5.487e-011  4.953e-011   -10.261   -10.305    -0.045     (0)   
Mg           1.646e-003 
   Mg+2           1.532e-003  1.023e-003    -2.815    -2.990    -0.175    -20.92 
   MgHCO3+        6.028e-005  5.417e-005    -4.220    -4.266    -0.046      4.79 
   MgSO4          4.891e-005  4.904e-005    -4.311    -4.309     0.001      4.92 
   MgCO3          3.282e-006  3.290e-006    -5.484    -5.483     0.001    -17.07 
   MgF+           9.576e-007  8.620e-007    -6.019    -6.065    -0.046    -10.60 
   MgHPO4         3.664e-007  3.673e-007    -6.436    -6.435     0.001     (0)   
   MgOH+          2.301e-008  2.083e-008    -7.638    -7.681    -0.043     (0)   
   MgPO4-         2.117e-008  1.911e-008    -7.674    -7.719    -0.045     (0)   
   MgH2PO4+       1.003e-008  9.057e-009    -7.999    -8.043    -0.045     (0)   
N(5)         9.286e-005 
   NO3-           9.286e-005  8.317e-005    -4.032    -4.080    -0.048     27.28 
Na           4.831e-004 
   Na+            4.770e-004  4.297e-004    -3.321    -3.367    -0.045     -2.56 
   NaHCO3         5.313e-006  5.327e-006    -5.275    -5.274     0.001     19.41 
   NaSO4-         7.075e-007  6.385e-007    -6.150    -6.195    -0.045     18.06 
   NaCO3-         8.756e-009  7.903e-009    -8.058    -8.102    -0.045     -3.21 
   NaF            4.448e-009  4.460e-009    -8.352    -8.351     0.001      6.36 
   NaHPO4-        6.428e-010  5.802e-010    -9.192    -9.236    -0.045     (0)   
   NaOH           3.040e-021  3.048e-021   -20.517   -20.516     0.001     (0)   
O(0)         8.942e-004 
   O2             4.471e-004  4.483e-004    -3.350    -3.348     0.001     28.57 
P            2.261e-006 
   HPO4-2         1.048e-006  6.925e-007    -5.979    -6.160    -0.180      5.25 
   H2PO4-         4.350e-007  3.927e-007    -6.361    -6.406    -0.045     29.71 
   MgHPO4         3.664e-007  3.673e-007    -6.436    -6.435     0.001     (0)   
   CaHPO4         3.490e-007  3.499e-007    -6.457    -6.456     0.001     (0)   
   MgPO4-         2.117e-008  1.911e-008    -7.674    -7.719    -0.045     (0)   
202 
 
   CaPO4-         2.021e-008  1.824e-008    -7.694    -7.739    -0.045     (0)   
   CaH2PO4+       1.015e-008  9.159e-009    -7.994    -8.038    -0.045     (0)   
   MgH2PO4+       1.003e-008  9.057e-009    -7.999    -8.043    -0.045     (0)   
   NaHPO4-        6.428e-010  5.802e-010    -9.192    -9.236    -0.045     (0)   
   KHPO4-         5.487e-011  4.953e-011   -10.261   -10.305    -0.045     (0)   
   PO4-3          1.761e-011  6.732e-012   -10.754   -11.172    -0.418    -28.73 
S(6)         6.249e-004 
   SO4-2          5.074e-004  3.348e-004    -3.295    -3.475    -0.181     10.81 
   CaSO4          6.779e-005  6.797e-005    -4.169    -4.168     0.001      6.59 
   MgSO4          4.891e-005  4.904e-005    -4.311    -4.309     0.001      4.92 
   NaSO4-         7.075e-007  6.385e-007    -6.150    -6.195    -0.045     18.06 
   KSO4-          6.844e-008  6.177e-008    -7.165    -7.209    -0.045     (0)   
   HSO4-          7.973e-010  7.171e-010    -9.098    -9.144    -0.046     38.56 
   CaHSO4+        1.264e-011  1.136e-011   -10.898   -10.944    -0.046     (0)   
Si           5.828e-005 
   H4SiO4         5.813e-005  5.828e-005    -4.236    -4.234     0.001     54.09 
   H3SiO4-        1.492e-007  1.340e-007    -6.826    -6.873    -0.046     27.26 
   H2SiO4-2       1.177e-013  7.812e-014   -12.929   -13.107    -0.178     (0)   




 Phase               SI   log IAP   log K(280 K,   1 atm) 
 
 Anhydrite        -2.26     -6.36   -4.09  CaSO4 
 Aragonite         0.01     -8.23   -8.24  CaCO3 
 Calcite           0.17     -8.23   -8.40  CaCO3 
 Chalcedony       -0.46     -4.23   -3.77  SiO2 
 Chrysotile       -7.01     27.56   34.57  Mg3Si2O5(OH)4 
 CO2(g)           -2.11     -3.33   -1.23  CO2 
 Dolomite          0.07    -16.57  -16.65  CaMg(CO3)2 
 Fluorite         -1.53    -12.37  -10.84  CaF2 
 Gypsum           -1.76     -6.36   -4.60  CaSO4:2H2O 
 H2(g)           -23.02    -26.07   -3.04  H2 
 H2O(g)           -2.00     -0.00    2.00  H2O 
 Halite           -8.15     -6.62    1.53  NaCl 
 Hydroxyapatite   -1.16     -2.88   -1.72  Ca5(PO4)3OH 
 O2(g)            -0.61     -3.35   -2.74  O2 
 Quartz            0.03     -4.23   -4.26  SiO2 
 Sepiolite        -4.95     11.32   16.26  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -7.34     11.32   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.36     -4.23   -2.87  SiO2 
 Sylvite          -8.39     -7.69    0.70  KCl 








Reading input data for simulation 15. 
------------------------------------- 
 
 rem "Site 4" 
 SOLUTION_SPREAD 
     units    mg/l 
  Alkalinity  Ca   F    K  Mg  N(5)  N(-3)  O(0)    P   pH  
S(6)   Si  Temperature  Cl   Br  Number  Description    Na 
         262  80  .7  3.1  43   1.6      0    17  .08  7.6    
79  1.5          6.8  45  .05       4          Nov  28.3 
 USER_GRAPH 
     -initial_solutions      true 
 START 
         -headings 4 
 10 PLOT_XY LA("H4SiO4"),(LA("Ca+2")-2*LA("H+")), color = orange, line_w = 0,   
 symbol = Star, symbol_size = 10  
  -end  
 END 
------------------------------------------- 









 Elements           Molality       Moles 
 
 Alkalinity       5.238e-003  5.238e-003 
 Br               6.261e-007  6.261e-007 
 Ca               1.997e-003  1.997e-003 
 Cl               1.270e-003  1.270e-003 
 F                3.687e-005  3.687e-005 
 K                7.932e-005  7.932e-005 
 Mg               1.770e-003  1.770e-003 
 N(5)             1.143e-004  1.143e-004 
 Na               1.232e-003  1.232e-003 
 O(0)             1.063e-003  1.063e-003 
 P                2.584e-006  2.584e-006 
 S(6)             8.228e-004  8.228e-004 
 Si               2.498e-005  2.498e-005 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.600     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 6 oC) = 496 
                          Density (g/cm3)  =   1.00044 
                               Volume (L)  =   1.00052 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.229e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  5.573e-003 
                       Total CO2 (mol/kg)  =  5.573e-003 
                      Temperature (deg C)  =   6.80 
                  Electrical balance (eq)  =  5.364e-004 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =   3.30 
                               Iterations  =   9 
                                  Total H  = 1.110177e+002 




 Redox couple             pe  Eh (volts) 
 
 O(-2)/O(0)          14.7075      0.8169 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   OH-            9.809e-008  8.767e-008    -7.008    -7.057    -0.049     -5.24 
   H+             2.764e-008  2.512e-008    -7.559    -7.600    -0.041      0.00 
   H2O            5.551e+001  9.998e-001     1.744    -0.000     0.000     18.02 
Br           6.261e-007 
   Br-            6.261e-007  5.586e-007    -6.203    -6.253    -0.050     23.68 
C(4)         5.573e-003 
   HCO3-          5.067e-003  4.558e-003    -2.295    -2.341    -0.046     22.57 
   CO2            3.580e-004  3.590e-004    -3.446    -3.445     0.001     36.77 
   MgHCO3+        6.146e-005  5.503e-005    -4.211    -4.259    -0.048      4.78 
   CaHCO3+        5.184e-005  4.672e-005    -4.285    -4.331    -0.045      8.76 
   NaHCO3         1.302e-005  1.306e-005    -4.885    -4.884     0.001     19.41 
   CaCO3          8.740e-006  8.765e-006    -5.058    -5.057     0.001    -14.67 
   CO3-2          8.186e-006  5.360e-006    -5.087    -5.271    -0.184     -7.53 
   MgCO3          4.157e-006  4.169e-006    -5.381    -5.380     0.001    -17.07 
   NaCO3-         2.691e-008  2.421e-008    -7.570    -7.616    -0.046     -3.25 
Ca           1.997e-003 
   Ca+2           1.855e-003  1.214e-003    -2.732    -2.916    -0.184    -18.35 
   CaSO4          8.138e-005  8.162e-005    -4.089    -4.088     0.001      6.58 
   CaHCO3+        5.184e-005  4.672e-005    -4.285    -4.331    -0.045      8.76 
204 
 
   CaCO3          8.740e-006  8.765e-006    -5.058    -5.057     0.001    -14.67 
   CaHPO4         3.787e-007  3.798e-007    -6.422    -6.420     0.001     (0)   
   CaPO4-         2.760e-008  2.482e-008    -7.559    -7.605    -0.046     (0)   
   CaOH+          8.947e-009  8.018e-009    -8.048    -8.096    -0.048     (0)   
   CaH2PO4+       8.789e-009  7.906e-009    -8.056    -8.102    -0.046     (0)   
   CaHSO4+        1.207e-011  1.082e-011   -10.918   -10.966    -0.048     (0)   
Cl           1.270e-003 
   Cl-            1.270e-003  1.136e-003    -2.896    -2.945    -0.048     17.19 
F            3.687e-005 
   F-             3.509e-005  3.136e-005    -4.455    -4.504    -0.049     -1.57 
   MgF+           1.753e-006  1.572e-006    -5.756    -5.803    -0.047    -10.60 
   NaF            1.965e-008  1.971e-008    -7.707    -7.705     0.001      6.35 
   HF             8.603e-010  8.627e-010    -9.065    -9.064     0.001     11.39 
   HF2-           9.631e-014  8.631e-014   -13.016   -13.064    -0.048     20.84 
   SiF6-2         1.310e-031  8.536e-032   -30.883   -31.069    -0.186     40.96 
H(0)         1.080e-026 
   H2             5.402e-027  5.418e-027   -26.267   -26.266     0.001     28.63 
K            7.932e-005 
   K+             7.915e-005  7.077e-005    -4.102    -4.150    -0.049      8.27 
   KSO4-          1.724e-007  1.551e-007    -6.764    -6.810    -0.046     (0)   
   KHPO4-         1.257e-010  1.131e-010    -9.901    -9.946    -0.046     (0)   
Mg           1.770e-003 
   Mg+2           1.635e-003  1.078e-003    -2.787    -2.967    -0.181    -20.90 
   MgSO4          6.688e-005  6.707e-005    -4.175    -4.173     0.001      4.91 
   MgHCO3+        6.146e-005  5.503e-005    -4.211    -4.259    -0.048      4.78 
   MgCO3          4.157e-006  4.169e-006    -5.381    -5.380     0.001    -17.07 
   MgF+           1.753e-006  1.572e-006    -5.756    -5.803    -0.047    -10.60 
   MgHPO4         4.547e-007  4.560e-007    -6.342    -6.341     0.001     (0)   
   MgPO4-         3.306e-008  2.974e-008    -7.481    -7.527    -0.046     (0)   
   MgOH+          2.998e-008  2.706e-008    -7.523    -7.568    -0.044     (0)   
   MgH2PO4+       9.940e-009  8.941e-009    -8.003    -8.049    -0.046     (0)   
N(5)         1.143e-004 
   NO3-           1.143e-004  1.020e-004    -3.942    -3.992    -0.050     27.25 
Na           1.232e-003 
   Na+            1.216e-003  1.092e-003    -2.915    -2.962    -0.047     -2.57 
   NaHCO3         1.302e-005  1.306e-005    -4.885    -4.884     0.001     19.41 
   NaSO4-         2.352e-006  2.116e-006    -5.629    -5.674    -0.046     18.05 
   NaCO3-         2.691e-008  2.421e-008    -7.570    -7.616    -0.046     -3.25 
   NaF            1.965e-008  1.971e-008    -7.707    -7.705     0.001      6.35 
   NaHPO4-        1.940e-009  1.745e-009    -8.712    -8.758    -0.046     (0)   
   NaOH           9.545e-021  9.572e-021   -20.020   -20.019     0.001     (0)   
O(0)         1.063e-003 
   O2             5.315e-004  5.331e-004    -3.274    -3.273     0.001     28.54 
P            2.584e-006 
   HPO4-2         1.258e-006  8.197e-007    -5.900    -6.086    -0.186      5.25 
   MgHPO4         4.547e-007  4.560e-007    -6.342    -6.341     0.001     (0)   
   H2PO4-         4.110e-007  3.697e-007    -6.386    -6.432    -0.046     29.68 
   CaHPO4         3.787e-007  3.798e-007    -6.422    -6.420     0.001     (0)   
   MgPO4-         3.306e-008  2.974e-008    -7.481    -7.527    -0.046     (0)   
   CaPO4-         2.760e-008  2.482e-008    -7.559    -7.605    -0.046     (0)   
   MgH2PO4+       9.940e-009  8.941e-009    -8.003    -8.049    -0.046     (0)   
   CaH2PO4+       8.789e-009  7.906e-009    -8.056    -8.102    -0.046     (0)   
   NaHPO4-        1.940e-009  1.745e-009    -8.712    -8.758    -0.046     (0)   
   KHPO4-         1.257e-010  1.131e-010    -9.901    -9.946    -0.046     (0)   
   PO4-3          2.701e-011  9.987e-012   -10.569   -11.001    -0.432    -28.69 
S(6)         8.228e-004 
   SO4-2          6.720e-004  4.373e-004    -3.173    -3.359    -0.187     10.77 
   CaSO4          8.138e-005  8.162e-005    -4.089    -4.088     0.001      6.58 
   MgSO4          6.688e-005  6.707e-005    -4.175    -4.173     0.001      4.91 
   NaSO4-         2.352e-006  2.116e-006    -5.629    -5.674    -0.046     18.05 
   KSO4-          1.724e-007  1.551e-007    -6.764    -6.810    -0.046     (0)   
   HSO4-          8.272e-010  7.413e-010    -9.082    -9.130    -0.048     38.53 
   CaHSO4+        1.207e-011  1.082e-011   -10.918   -10.966    -0.048     (0)   
Si           2.498e-005 
   H4SiO4         2.490e-005  2.497e-005    -4.604    -4.603     0.001     54.12 
   H3SiO4-        8.003e-008  7.166e-008    -7.097    -7.145    -0.048     27.24 
   H2SiO4-2       7.901e-014  5.174e-014   -13.102   -13.286    -0.184     (0)   






 Phase               SI   log IAP   log K(279 K,   1 atm) 
 
 Anhydrite        -2.18     -6.28   -4.09  CaSO4 
 Aragonite         0.06     -8.19   -8.24  CaCO3 
 Calcite           0.21     -8.19   -8.40  CaCO3 
 Chalcedony       -0.83     -4.60   -3.78  SiO2 
 Chrysotile       -7.11     27.49   34.60  Mg3Si2O5(OH)4 
 CO2(g)           -2.22     -3.44   -1.22  CO2 
 Dolomite          0.22    -16.42  -16.64  CaMg(CO3)2 
 Fluorite         -1.08    -11.92  -10.85  CaF2 
 Gypsum           -1.68     -6.28   -4.60  CaSO4:2H2O 
 H2(g)           -23.22    -26.27   -3.04  H2 
 H2O(g)           -2.00     -0.00    2.00  H2O 
 Halite           -7.44     -5.91    1.53  NaCl 
 Hydroxyapatite   -0.74     -2.44   -1.70  Ca5(PO4)3OH 
 O2(g)            -0.54     -3.27   -2.73  O2 
 Quartz           -0.34     -4.60   -4.27  SiO2 
 Sepiolite        -5.61     10.66   16.27  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -8.00     10.66   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.73     -4.60   -2.87  SiO2 
 Sylvite          -7.79     -7.09    0.70  KCl 








Reading input data for simulation 16. 
------------------------------------- 
 
 rem "Sites 6 - 10" 
 SOLUTION_SPREAD 
     units    mg/l 
  Alkalinity  Ca   F    K  Mg  N(5)  N(-3)  O(0)    P   pH  
S(6)   Si  Temperature  Cl   Br  Number  Description    Na 
         248  87  .4  1.9  40    .2      0  12.1  .07  7.2    
52  5.6            7  31  .04       6          Nov  12.7 
         254  88  .5  1.6  41   1.4    .05    11  .07    8    
52  3.9            8  26  .04       7          Nov    11 
         243  85  .4  1.7  41   1.4      0  11.7  .07  7.5    
50  4.3          7.4  26    0       8          Nov  11.9 
         229  78  .4  1.6  41   1.7      0  12.4  .08  7.3    
47  3.7          6.9  25  .04       9          Nov  11.1 
         239  82  .4  2.2  43   1.8      0    13   .1  7.4    
44  3.3          6.7  36  .05      10          Nov    18 
 USER_GRAPH 
     -initial_solutions      true 
 START 
         -headings 6-10 
 10 PLOT_XY LA("H4SiO4"),(LA("Ca+2")-2*LA("H+")), color = red, line_w = 0,   
 symbol = Square, symbol_size = 8 
  -end  
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Alkalinity       4.958e-003  4.958e-003 
 Br               5.008e-007  5.008e-007 
 Ca               2.172e-003  2.172e-003 
 Cl               8.748e-004  8.748e-004 
 F                2.106e-005  2.106e-005 
 K                4.861e-005  4.861e-005 
206 
 
 Mg               1.646e-003  1.646e-003 
 N(5)             1.429e-005  1.429e-005 
 Na               5.527e-004  5.527e-004 
 O(0)             7.566e-004  7.566e-004 
 P                2.261e-006  2.261e-006 
 S(6)             5.416e-004  5.416e-004 
 Si               9.325e-005  9.325e-005 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.200     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 7 oC) = 438 
                          Density (g/cm3)  =   1.00038 
                               Volume (L)  =   1.00053 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.130e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  5.803e-003 
                       Total CO2 (mol/kg)  =  5.803e-003 
                      Temperature (deg C)  =   7.00 
                  Electrical balance (eq)  =  1.283e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =   8.84 
                               Iterations  =   8 
                                  Total H  = 1.110177e+002 




 Redox couple             pe  Eh (volts) 
 
 O(-2)/O(0)          15.0518      0.8366 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             6.921e-008  6.310e-008    -7.160    -7.200    -0.040      0.00 
   OH-            3.961e-008  3.555e-008    -7.402    -7.449    -0.047     -5.23 
   H2O            5.551e+001  9.998e-001     1.744    -0.000     0.000     18.02 
Br           5.008e-007 
   Br-            5.008e-007  4.487e-007    -6.300    -6.348    -0.048     23.70 
C(4)         5.803e-003 
   HCO3-          4.822e-003  4.354e-003    -2.317    -2.361    -0.044     22.60 
   CO2            8.548e-004  8.570e-004    -3.068    -3.067     0.001     36.67 
   MgHCO3+        5.602e-005  5.036e-005    -4.252    -4.298    -0.046      4.79 
   CaHCO3+        5.572e-005  5.040e-005    -4.254    -4.298    -0.044      8.77 
   NaHCO3         5.608e-006  5.623e-006    -5.251    -5.250     0.001     19.41 
   CaCO3          3.756e-006  3.766e-006    -5.425    -5.424     0.001    -14.67 
   CO3-2          3.087e-006  2.051e-006    -5.511    -5.688    -0.178     -7.49 
   MgCO3          1.529e-006  1.533e-006    -5.816    -5.814     0.001    -17.07 
   NaCO3-         4.630e-009  4.181e-009    -8.334    -8.379    -0.044     -3.21 
Ca           2.172e-003 
   Ca+2           2.051e-003  1.362e-003    -2.688    -2.866    -0.178    -18.35 
   CaSO4          6.051e-005  6.067e-005    -4.218    -4.217     0.001      6.59 
   CaHCO3+        5.572e-005  5.040e-005    -4.254    -4.298    -0.044      8.77 
   CaCO3          3.756e-006  3.766e-006    -5.425    -5.424     0.001    -14.67 
   CaHPO4         3.011e-007  3.019e-007    -6.521    -6.520     0.001     (0)   
   CaH2PO4+       1.746e-008  1.577e-008    -7.758    -7.802    -0.044     (0)   
   CaPO4-         8.738e-009  7.889e-009    -8.059    -8.103    -0.044     (0)   
   CaOH+          3.982e-009  3.583e-009    -8.400    -8.446    -0.046     (0)   
   CaHSO4+        2.250e-011  2.024e-011   -10.648   -10.694    -0.046     (0)   
Cl           8.748e-004 
   Cl-            8.748e-004  7.858e-004    -3.058    -3.105    -0.047     17.20 
F            2.106e-005 
   F-             2.009e-005  1.803e-005    -4.697    -4.744    -0.047     -1.57 
   MgF+           9.660e-007  8.697e-007    -6.015    -6.061    -0.046    -10.60 
   NaF            5.095e-009  5.109e-009    -8.293    -8.292     0.001      6.36 
   HF             1.247e-009  1.250e-009    -8.904    -8.903     0.001     11.40 
   HF2-           8.012e-014  7.208e-014   -13.096   -13.142    -0.046     20.85 
207 
 
   SiF6-2         6.796e-031  4.494e-031   -30.168   -30.347    -0.180     40.98 
H(0)         6.804e-026 
   H2             3.402e-026  3.411e-026   -25.468   -25.467     0.001     28.63 
K            4.861e-005 
   K+             4.854e-005  4.358e-005    -4.314    -4.361    -0.047      8.28 
   KSO4-          7.020e-008  6.338e-008    -7.154    -7.198    -0.044     (0)   
   KHPO4-         5.441e-011  4.913e-011   -10.264   -10.309    -0.044     (0)   
Mg           1.646e-003 
   Mg+2           1.545e-003  1.033e-003    -2.811    -2.986    -0.175    -20.92 
   MgHCO3+        5.602e-005  5.036e-005    -4.252    -4.298    -0.046      4.79 
   MgSO4          4.263e-005  4.274e-005    -4.370    -4.369     0.001      4.92 
   MgCO3          1.529e-006  1.533e-006    -5.816    -5.814     0.001    -17.07 
   MgF+           9.660e-007  8.697e-007    -6.015    -6.061    -0.046    -10.60 
   MgHPO4         3.087e-007  3.095e-007    -6.511    -6.509     0.001     (0)   
   MgH2PO4+       1.686e-008  1.522e-008    -7.773    -7.817    -0.044     (0)   
   MgOH+          1.163e-008  1.054e-008    -7.934    -7.977    -0.043     (0)   
   MgPO4-         8.937e-009  8.069e-009    -8.049    -8.093    -0.044     (0)   
N(5)         1.429e-005 
   NO3-           1.429e-005  1.280e-005    -4.845    -4.893    -0.048     27.28 
Na           5.527e-004 
   Na+            5.464e-004  4.923e-004    -3.263    -3.308    -0.045     -2.56 
   NaHCO3         5.608e-006  5.623e-006    -5.251    -5.250     0.001     19.41 
   NaSO4-         6.998e-007  6.318e-007    -6.155    -6.199    -0.044     18.05 
   NaF            5.095e-009  5.109e-009    -8.293    -8.292     0.001      6.36 
   NaCO3-         4.630e-009  4.181e-009    -8.334    -8.379    -0.044     -3.21 
   NaHPO4-        6.146e-010  5.549e-010    -9.211    -9.256    -0.044     (0)   
   NaOH           1.746e-021  1.750e-021   -20.758   -20.757     0.001     (0)   
O(0)         7.566e-004 
   O2             3.783e-004  3.793e-004    -3.422    -3.421     0.001     28.57 
P            2.261e-006 
   HPO4-2         8.742e-007  5.781e-007    -6.058    -6.238    -0.180      5.25 
   H2PO4-         7.244e-007  6.540e-007    -6.140    -6.184    -0.044     29.71 
   MgHPO4         3.087e-007  3.095e-007    -6.511    -6.509     0.001     (0)   
   CaHPO4         3.011e-007  3.019e-007    -6.521    -6.520     0.001     (0)   
   CaH2PO4+       1.746e-008  1.577e-008    -7.758    -7.802    -0.044     (0)   
   MgH2PO4+       1.686e-008  1.522e-008    -7.773    -7.817    -0.044     (0)   
   MgPO4-         8.937e-009  8.069e-009    -8.049    -8.093    -0.044     (0)   
   CaPO4-         8.738e-009  7.889e-009    -8.059    -8.103    -0.044     (0)   
   NaHPO4-        6.146e-010  5.549e-010    -9.211    -9.256    -0.044     (0)   
   KHPO4-         5.441e-011  4.913e-011   -10.264   -10.309    -0.044     (0)   
   PO4-3          7.348e-012  2.817e-012   -11.134   -11.550    -0.416    -28.73 
S(6)         5.416e-004 
   SO4-2          4.377e-004  2.891e-004    -3.359    -3.539    -0.180     10.81 
   CaSO4          6.051e-005  6.067e-005    -4.218    -4.217     0.001      6.59 
   MgSO4          4.263e-005  4.274e-005    -4.370    -4.369     0.001      4.92 
   NaSO4-         6.998e-007  6.318e-007    -6.155    -6.199    -0.044     18.05 
   KSO4-          7.020e-008  6.338e-008    -7.154    -7.198    -0.044     (0)   
   HSO4-          1.373e-009  1.236e-009    -8.862    -8.908    -0.046     38.55 
   CaHSO4+        2.250e-011  2.024e-011   -10.648   -10.694    -0.046     (0)   
Si           9.325e-005 
   H4SiO4         9.313e-005  9.337e-005    -4.031    -4.030     0.001     54.09 
   H3SiO4-        1.197e-007  1.076e-007    -6.922    -6.968    -0.046     27.26 
   H2SiO4-2       4.731e-014  3.144e-014   -13.325   -13.503    -0.178     (0)   




 Phase               SI   log IAP   log K(280 K,   1 atm) 
 
 Anhydrite        -2.31     -6.40   -4.09  CaSO4 
 Aragonite        -0.31     -8.55   -8.24  CaCO3 
 Calcite          -0.15     -8.55   -8.40  CaCO3 
 Chalcedony       -0.26     -4.03   -3.77  SiO2 
 Chrysotile       -8.39     26.18   34.57  Mg3Si2O5(OH)4 
 CO2(g)           -1.84     -3.07   -1.23  CO2 
 Dolomite         -0.58    -17.23  -16.65  CaMg(CO3)2 
 Fluorite         -1.51    -12.35  -10.84  CaF2 
 Gypsum           -1.81     -6.40   -4.60  CaSO4:2H2O 
 H2(g)           -22.42    -25.47   -3.04  H2 
 H2O(g)           -2.00     -0.00    2.00  H2O 
 Halite           -7.94     -6.41    1.53  NaCl 
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 Hydroxyapatite   -2.52     -4.24   -1.72  Ca5(PO4)3OH 
 O2(g)            -0.69     -3.42   -2.74  O2 
 Quartz            0.23     -4.03   -4.26  SiO2 
 Sepiolite        -5.53     10.74   16.26  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -7.92     10.74   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.16     -4.03   -2.87  SiO2 
 Sylvite          -8.17     -7.47    0.70  KCl 
 Talc             -5.46     18.12   23.58  Mg3Si4O10(OH)2 
 
 




 Elements           Molality       Moles 
 
 Alkalinity       5.078e-003  5.078e-003 
 Br               5.008e-007  5.008e-007 
 Ca               2.197e-003  2.197e-003 
 Cl               7.337e-004  7.337e-004 
 F                2.633e-005  2.633e-005 
 K                4.094e-005  4.094e-005 
 Mg               1.687e-003  1.687e-003 
 N(-3)            3.571e-006  3.571e-006 
 N(5)             1.000e-004  1.000e-004 
 Na               4.787e-004  4.787e-004 
 O(0)             6.878e-004  6.878e-004 
 P                2.261e-006  2.261e-006 
 S(6)             5.416e-004  5.416e-004 
 Si               6.494e-005  6.494e-005 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   8.000     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 8 oC) = 450 
                          Density (g/cm3)  =   1.00033 
                               Volume (L)  =   1.00052 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.134e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  5.152e-003 
                       Total CO2 (mol/kg)  =  5.152e-003 
                      Temperature (deg C)  =   8.00 
                  Electrical balance (eq)  =  1.267e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =   8.74 
                               Iterations  =   7 
                                  Total H  = 1.110177e+002 




 Redox couple             pe  Eh (volts) 
 
 N(-3)/N(5)           6.1029      0.3404 
 O(-2)/O(0)          14.1479      0.7892 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   OH-            2.739e-007  2.457e-007    -6.562    -6.610    -0.047     -5.13 
   H+             1.097e-008  1.000e-008    -7.960    -8.000    -0.040      0.00 
   H2O            5.551e+001  9.998e-001     1.744    -0.000     0.000     18.02 
Br           5.008e-007 
   Br-            5.008e-007  4.486e-007    -6.300    -6.348    -0.048     23.79 
C(4)         5.152e-003 
   HCO3-          4.844e-003  4.373e-003    -2.315    -2.359    -0.045     22.76 
   CO2            1.328e-004  1.331e-004    -3.877    -3.876     0.001     36.20 
   CaHCO3+        5.772e-005  5.219e-005    -4.239    -4.282    -0.044      8.85 
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   MgHCO3+        5.729e-005  5.148e-005    -4.242    -4.288    -0.046      4.84 
   CaCO3          2.462e-005  2.468e-005    -4.609    -4.608     0.001    -14.67 
   CO3-2          2.019e-005  1.340e-005    -4.695    -4.873    -0.178     -7.20 
   MgCO3          1.032e-005  1.035e-005    -4.986    -4.985     0.001    -17.07 
   NaHCO3         4.864e-006  4.877e-006    -5.313    -5.312     0.001     19.41 
   NaCO3-         2.632e-008  2.376e-008    -7.580    -7.624    -0.045     -3.00 
Ca           2.197e-003 
   Ca+2           2.053e-003  1.362e-003    -2.688    -2.866    -0.178    -18.31 
   CaSO4          6.067e-005  6.083e-005    -4.217    -4.216     0.001      6.66 
   CaHCO3+        5.772e-005  5.219e-005    -4.239    -4.282    -0.044      8.85 
   CaCO3          2.462e-005  2.468e-005    -4.609    -4.608     0.001    -14.67 
   CaHPO4         3.992e-007  4.003e-007    -6.399    -6.398     0.001     (0)   
   CaPO4-         7.469e-008  6.741e-008    -7.127    -7.171    -0.045     (0)   
   CaOH+          2.513e-008  2.260e-008    -7.600    -7.646    -0.046     (0)   
   CaH2PO4+       3.650e-009  3.294e-009    -8.438    -8.482    -0.045     (0)   
   CaHSO4+        3.611e-012  3.248e-012   -11.442   -11.488    -0.046     (0)   
Cl           7.337e-004 
   Cl-            7.337e-004  6.588e-004    -3.134    -3.181    -0.047     17.28 
F            2.633e-005 
   F-             2.507e-005  2.249e-005    -4.601    -4.648    -0.047     -1.54 
   MgF+           1.252e-006  1.127e-006    -5.902    -5.948    -0.046    -10.59 
   NaF            5.503e-009  5.518e-009    -8.259    -8.258     0.001      6.43 
   HF             2.506e-010  2.513e-010    -9.601    -9.600     0.001     11.48 
   HF2-           2.035e-014  1.830e-014   -13.691   -13.737    -0.046     20.96 
   SiF6-2         1.008e-033  6.660e-034   -32.996   -33.177    -0.180     41.14 
H(0)         1.690e-027 
   H2             8.449e-028  8.471e-028   -27.073   -27.072     0.001     28.63 
K            4.094e-005 
   K+             4.088e-005  3.669e-005    -4.389    -4.435    -0.047      8.34 
   KSO4-          5.996e-008  5.412e-008    -7.222    -7.267    -0.045     (0)   
   KHPO4-         5.950e-011  5.370e-011   -10.225   -10.270    -0.045     (0)   
Mg           1.687e-003 
   Mg+2           1.573e-003  1.051e-003    -2.803    -2.978    -0.175    -20.96 
   MgHCO3+        5.729e-005  5.148e-005    -4.242    -4.288    -0.046      4.84 
   MgSO4          4.441e-005  4.452e-005    -4.353    -4.351     0.001      4.99 
   MgCO3          1.032e-005  1.035e-005    -4.986    -4.985     0.001    -17.07 
   MgF+           1.252e-006  1.127e-006    -5.902    -5.948    -0.046    -10.59 
   MgHPO4         4.165e-007  4.176e-007    -6.380    -6.379     0.001     (0)   
   MgOH+          8.272e-008  7.490e-008    -7.082    -7.126    -0.043     (0)   
   MgPO4-         7.775e-008  7.018e-008    -7.109    -7.154    -0.045     (0)   
   MgH2PO4+       3.587e-009  3.238e-009    -8.445    -8.490    -0.045     (0)   
N(-3)        3.571e-006 
   NH4+           3.509e-006  3.137e-006    -5.455    -5.503    -0.049     17.22 
   NH3            4.976e-008  4.989e-008    -7.303    -7.302     0.001     23.98 
   NH4SO4-        1.292e-008  1.162e-008    -7.889    -7.935    -0.046     (0)   
N(5)         1.000e-004 
   NO3-           1.000e-004  8.956e-005    -4.000    -4.048    -0.048     27.45 
Na           4.787e-004 
   Na+            4.732e-004  4.263e-004    -3.325    -3.370    -0.045     -2.47 
   NaHCO3         4.864e-006  4.877e-006    -5.313    -5.312     0.001     19.41 
   NaSO4-         6.071e-007  5.479e-007    -6.217    -6.261    -0.045     18.12 
   NaCO3-         2.632e-008  2.376e-008    -7.580    -7.624    -0.045     -3.00 
   NaF            5.503e-009  5.518e-009    -8.259    -8.258     0.001      6.43 
   NaHPO4-        6.913e-010  6.239e-010    -9.160    -9.205    -0.045     (0)   
   NaOH           1.045e-020  1.048e-020   -19.981   -19.980     0.001     (0)   
O(0)         6.878e-004 
   O2             3.439e-004  3.448e-004    -3.464    -3.462     0.001     28.70 
P            2.261e-006 
   HPO4-2         1.137e-006  7.507e-007    -5.944    -6.125    -0.180      5.30 
   MgHPO4         4.165e-007  4.176e-007    -6.380    -6.379     0.001     (0)   
   CaHPO4         3.992e-007  4.003e-007    -6.399    -6.398     0.001     (0)   
   H2PO4-         1.482e-007  1.338e-007    -6.829    -6.874    -0.045     29.83 
   MgPO4-         7.775e-008  7.018e-008    -7.109    -7.154    -0.045     (0)   
   CaPO4-         7.469e-008  6.741e-008    -7.127    -7.171    -0.045     (0)   
   CaH2PO4+       3.650e-009  3.294e-009    -8.438    -8.482    -0.045     (0)   
   MgH2PO4+       3.587e-009  3.238e-009    -8.445    -8.490    -0.045     (0)   
   NaHPO4-        6.913e-010  6.239e-010    -9.160    -9.205    -0.045     (0)   
   PO4-3          6.176e-011  2.361e-011   -10.209   -10.627    -0.418    -28.79 
   KHPO4-         5.950e-011  5.370e-011   -10.225   -10.270    -0.045     (0)   
S(6)         5.416e-004 
   SO4-2          4.358e-004  2.875e-004    -3.361    -3.541    -0.181     11.10 
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   CaSO4          6.067e-005  6.083e-005    -4.217    -4.216     0.001      6.66 
   MgSO4          4.441e-005  4.452e-005    -4.353    -4.351     0.001      4.99 
   NaSO4-         6.071e-007  5.479e-007    -6.217    -6.261    -0.045     18.12 
   KSO4-          5.996e-008  5.412e-008    -7.222    -7.267    -0.045     (0)   
   NH4SO4-        1.292e-008  1.162e-008    -7.889    -7.935    -0.046     (0)   
   HSO4-          2.206e-010  1.984e-010    -9.656    -9.703    -0.046     38.69 
   CaHSO4+        3.611e-012  3.248e-012   -11.442   -11.488    -0.046     (0)   
Si           6.494e-005 
   H4SiO4         6.439e-005  6.456e-005    -4.191    -4.190     0.001     53.94 
   H3SiO4-        5.460e-007  4.906e-007    -6.263    -6.309    -0.046     27.32 
   H2SiO4-2       1.476e-012  9.796e-013   -11.831   -12.009    -0.178     (0)   




 Phase               SI   log IAP   log K(281 K,   1 atm) 
 
 Anhydrite        -2.30     -6.41   -4.10  CaSO4 
 Aragonite         0.51     -7.74   -8.25  CaCO3 
 Calcite           0.66     -7.74   -8.40  CaCO3 
 Chalcedony       -0.43     -4.19   -3.76  SiO2 
 Chrysotile       -3.75     30.68   34.43  Mg3Si2O5(OH)4 
 CO2(g)           -2.64     -3.88   -1.24  CO2 
 Dolomite          1.08    -15.59  -16.67  CaMg(CO3)2 
 Fluorite         -1.33    -12.16  -10.83  CaF2 
 Gypsum           -1.81     -6.41   -4.60  CaSO4:2H2O 
 H2(g)           -24.02    -27.07   -3.05  H2 
 H2O(g)           -1.97     -0.00    1.97  H2O 
 Halite           -8.08     -6.55    1.53  NaCl 
 Hydroxyapatite    1.12     -0.70   -1.82  Ca5(PO4)3OH 
 NH3(g)           -9.48     -7.30    2.18  NH3 
 O2(g)            -0.72     -3.46   -2.75  O2 
 Quartz            0.06     -4.19   -4.25  SiO2 
 Sepiolite        -2.76     13.47   16.23  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -5.19     13.47   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.33     -4.19   -2.86  SiO2 
 Sylvite          -8.33     -7.62    0.71  KCl 
 Talc             -1.15     22.30   23.45  Mg3Si4O10(OH)2 
 
 




 Elements           Molality       Moles 
 
 Alkalinity       4.858e-003  4.858e-003 
 Ca               2.122e-003  2.122e-003 
 Cl               7.337e-004  7.337e-004 
 F                2.106e-005  2.106e-005 
 K                4.350e-005  4.350e-005 
 Mg               1.687e-003  1.687e-003 
 N(5)             1.000e-004  1.000e-004 
 Na               5.179e-004  5.179e-004 
 O(0)             7.316e-004  7.316e-004 
 P                2.261e-006  2.261e-006 
 S(6)             5.207e-004  5.207e-004 
 Si               7.160e-005  7.160e-005 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.500     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 7 oC) = 435 
                          Density (g/cm3)  =   1.00035 
                               Volume (L)  =   1.00050 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.114e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  5.254e-003 
                       Total CO2 (mol/kg)  =  5.254e-003 
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                      Temperature (deg C)  =   7.40 
                  Electrical balance (eq)  =  1.423e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =   9.98 
                               Iterations  =   9 
                                  Total H  = 1.110175e+002 




 Redox couple             pe  Eh (volts) 
 
 O(-2)/O(0)          14.7106      0.8189 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   OH-            8.194e-008  7.358e-008    -7.087    -7.133    -0.047     -5.19 
   H+             3.467e-008  3.162e-008    -7.460    -7.500    -0.040      0.00 
   H2O            5.551e+001  9.998e-001     1.744    -0.000     0.000     18.02 
C(4)         5.254e-003 
   HCO3-          4.708e-003  4.253e-003    -2.327    -2.371    -0.044     22.66 
   CO2            4.144e-004  4.154e-004    -3.383    -3.381     0.001     36.48 
   MgHCO3+        5.620e-005  5.055e-005    -4.250    -4.296    -0.046      4.81 
   CaHCO3+        5.390e-005  4.877e-005    -4.268    -4.312    -0.043      8.80 
   CaCO3          7.261e-006  7.279e-006    -5.139    -5.138     0.001    -14.67 
   CO3-2          6.077e-006  4.047e-006    -5.216    -5.393    -0.177     -7.38 
   NaHCO3         5.132e-006  5.145e-006    -5.290    -5.289     0.001     19.41 
   MgCO3          3.119e-006  3.127e-006    -5.506    -5.505     0.001    -17.07 
   NaCO3-         8.578e-009  7.749e-009    -8.067    -8.111    -0.044     -3.13 
Ca           2.122e-003 
   Ca+2           2.003e-003  1.333e-003    -2.698    -2.875    -0.177    -18.34 
   CaSO4          5.717e-005  5.731e-005    -4.243    -4.242     0.001      6.62 
   CaHCO3+        5.390e-005  4.877e-005    -4.268    -4.312    -0.043      8.80 
   CaCO3          7.261e-006  7.279e-006    -5.139    -5.138     0.001    -14.67 
   CaHPO4         3.526e-007  3.535e-007    -6.453    -6.452     0.001     (0)   
   CaPO4-         2.058e-008  1.859e-008    -7.687    -7.731    -0.044     (0)   
   CaH2PO4+       1.022e-008  9.234e-009    -7.990    -8.035    -0.044     (0)   
   CaOH+          7.771e-009  6.994e-009    -8.110    -8.155    -0.046     (0)   
   CaHSO4+        1.069e-011  9.620e-012   -10.971   -11.017    -0.046     (0)   
Cl           7.337e-004 
   Cl-            7.337e-004  6.594e-004    -3.134    -3.181    -0.046     17.23 
F            2.106e-005 
   F-             2.006e-005  1.801e-005    -4.698    -4.744    -0.047     -1.55 
   MgF+           9.991e-007  9.001e-007    -6.000    -6.046    -0.045    -10.60 
   NaF            4.773e-009  4.786e-009    -8.321    -8.320     0.001      6.39 
   HF             6.284e-010  6.300e-010    -9.202    -9.201     0.001     11.44 
   HF2-           4.052e-014  3.647e-014   -13.392   -13.438    -0.046     20.90 
   SiF6-2         3.128e-032  2.073e-032   -31.505   -31.683    -0.179     41.04 
H(0)         1.701e-026 
   H2             8.507e-027  8.529e-027   -26.070   -26.069     0.001     28.63 
K            4.350e-005 
   K+             4.344e-005  3.902e-005    -4.362    -4.409    -0.047      8.31 
   KSO4-          6.092e-008  5.503e-008    -7.215    -7.259    -0.044     (0)   
   KHPO4-         5.778e-011  5.220e-011   -10.238   -10.282    -0.044     (0)   
Mg           1.687e-003 
   Mg+2           1.584e-003  1.061e-003    -2.800    -2.974    -0.174    -20.94 
   MgHCO3+        5.620e-005  5.055e-005    -4.250    -4.296    -0.046      4.81 
   MgSO4          4.264e-005  4.275e-005    -4.370    -4.369     0.001      4.95 
   MgCO3          3.119e-006  3.127e-006    -5.506    -5.505     0.001    -17.07 
   MgF+           9.991e-007  9.001e-007    -6.000    -6.046    -0.045    -10.60 
   MgHPO4         3.796e-007  3.806e-007    -6.421    -6.420     0.001     (0)   
   MgOH+          2.483e-008  2.250e-008    -7.605    -7.648    -0.043     (0)   
   MgPO4-         2.210e-008  1.997e-008    -7.656    -7.700    -0.044     (0)   
   MgH2PO4+       1.036e-008  9.362e-009    -7.984    -8.029    -0.044     (0)   
N(5)         1.000e-004 
   NO3-           1.000e-004  8.965e-005    -4.000    -4.047    -0.047     27.35 
Na           5.179e-004 
   Na+            5.121e-004  4.617e-004    -3.291    -3.336    -0.045     -2.52 
   NaHCO3         5.132e-006  5.145e-006    -5.290    -5.289     0.001     19.41 
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   NaSO4-         6.329e-007  5.717e-007    -6.199    -6.243    -0.044     18.08 
   NaCO3-         8.578e-009  7.749e-009    -8.067    -8.111    -0.044     -3.13 
   NaF            4.773e-009  4.786e-009    -8.321    -8.320     0.001      6.39 
   NaHPO4-        6.837e-010  6.176e-010    -9.165    -9.209    -0.044     (0)   
   NaOH           3.388e-021  3.397e-021   -20.470   -20.469     0.001     (0)   
O(0)         7.316e-004 
   O2             3.658e-004  3.667e-004    -3.437    -3.436     0.001     28.62 
P            2.261e-006 
   HPO4-2         1.035e-006  6.860e-007    -5.985    -6.164    -0.179      5.27 
   H2PO4-         4.296e-007  3.880e-007    -6.367    -6.411    -0.044     29.76 
   MgHPO4         3.796e-007  3.806e-007    -6.421    -6.420     0.001     (0)   
   CaHPO4         3.526e-007  3.535e-007    -6.453    -6.452     0.001     (0)   
   MgPO4-         2.210e-008  1.997e-008    -7.656    -7.700    -0.044     (0)   
   CaPO4-         2.058e-008  1.859e-008    -7.687    -7.731    -0.044     (0)   
   MgH2PO4+       1.036e-008  9.362e-009    -7.984    -8.029    -0.044     (0)   
   CaH2PO4+       1.022e-008  9.234e-009    -7.990    -8.035    -0.044     (0)   
   NaHPO4-        6.837e-010  6.176e-010    -9.165    -9.209    -0.044     (0)   
   KHPO4-         5.778e-011  5.220e-011   -10.238   -10.282    -0.044     (0)   
   PO4-3          1.747e-011  6.730e-012   -10.758   -11.172    -0.414    -28.76 
S(6)         5.207e-004 
   SO4-2          4.202e-004  2.782e-004    -3.377    -3.556    -0.179     10.93 
   CaSO4          5.717e-005  5.731e-005    -4.243    -4.242     0.001      6.62 
   MgSO4          4.264e-005  4.275e-005    -4.370    -4.369     0.001      4.95 
   NaSO4-         6.329e-007  5.717e-007    -6.199    -6.243    -0.044     18.08 
   KSO4-          6.092e-008  5.503e-008    -7.215    -7.259    -0.044     (0)   
   HSO4-          6.669e-010  6.003e-010    -9.176    -9.222    -0.046     38.61 
   CaHSO4+        1.069e-011  9.620e-012   -10.971   -11.017    -0.046     (0)   
Si           7.160e-005 
   H4SiO4         7.141e-005  7.160e-005    -4.146    -4.145     0.001     54.03 
   H3SiO4-        1.863e-007  1.676e-007    -6.730    -6.776    -0.046     27.28 
   H2SiO4-2       1.515e-013  1.009e-013   -12.820   -12.996    -0.177     (0)   




 Phase               SI   log IAP   log K(280 K,   1 atm) 
 
 Anhydrite        -2.33     -6.43   -4.10  CaSO4 
 Aragonite        -0.02     -8.27   -8.24  CaCO3 
 Calcite           0.13     -8.27   -8.40  CaCO3 
 Chalcedony       -0.38     -4.14   -3.77  SiO2 
 Chrysotile       -6.73     27.79   34.51  Mg3Si2O5(OH)4 
 CO2(g)           -2.15     -3.38   -1.23  CO2 
 Dolomite          0.02    -16.64  -16.66  CaMg(CO3)2 
 Fluorite         -1.53    -12.36  -10.84  CaF2 
 Gypsum           -1.83     -6.43   -4.60  CaSO4:2H2O 
 H2(g)           -23.02    -26.07   -3.04  H2 
 H2O(g)           -1.99     -0.00    1.99  H2O 
 Halite           -8.05     -6.52    1.53  NaCl 
 Hydroxyapatite   -1.11     -2.87   -1.76  Ca5(PO4)3OH 
 O2(g)            -0.70     -3.44   -2.74  O2 
 Quartz            0.11     -4.14   -4.26  SiO2 
 Sepiolite        -4.64     11.62   16.25  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -7.04     11.62   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.28     -4.14   -2.87  SiO2 
 Sylvite          -8.30     -7.59    0.71  KCl 
 Talc             -4.03     19.50   23.53  Mg3Si4O10(OH)2 
 
 




 Elements           Molality       Moles 
 
 Alkalinity       4.578e-003  4.578e-003 
 Br               5.008e-007  5.008e-007 
 Ca               1.947e-003  1.947e-003 
 Cl               7.055e-004  7.055e-004 
 F                2.106e-005  2.106e-005 
 K                4.094e-005  4.094e-005 
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 Mg               1.687e-003  1.687e-003 
 N(5)             1.214e-004  1.214e-004 
 Na               4.830e-004  4.830e-004 
 O(0)             7.753e-004  7.753e-004 
 P                2.584e-006  2.584e-006 
 S(6)             4.895e-004  4.895e-004 
 Si               6.161e-005  6.161e-005 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.300     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 6 oC) = 409 
                          Density (g/cm3)  =   1.00035 
                               Volume (L)  =   1.00047 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.064e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  5.197e-003 
                       Total CO2 (mol/kg)  =  5.197e-003 
                      Temperature (deg C)  =   6.90 
                  Electrical balance (eq)  =  1.384e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =  10.18 
                               Iterations  =   8 
                                  Total H  = 1.110172e+002 




 Redox couple             pe  Eh (volts) 
 
 O(-2)/O(0)          14.9638      0.8315 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             5.486e-008  5.012e-008    -7.261    -7.300    -0.039      0.00 
   OH-            4.927e-008  4.435e-008    -7.307    -7.353    -0.046     -5.24 
   H2O            5.551e+001  9.998e-001     1.744    -0.000     0.000     18.02 
Br           5.008e-007 
   Br-            5.008e-007  4.500e-007    -6.300    -6.347    -0.046     23.68 
C(4)         5.197e-003 
   HCO3-          4.452e-003  4.030e-003    -2.351    -2.395    -0.043     22.57 
   CO2            6.302e-004  6.317e-004    -3.201    -3.199     0.001     36.72 
   MgHCO3+        5.375e-005  4.845e-005    -4.270    -4.315    -0.045      4.78 
   CaHCO3+        4.662e-005  4.227e-005    -4.331    -4.374    -0.043      8.77 
   NaHCO3         4.555e-006  4.566e-006    -5.342    -5.340     0.001     19.41 
   CaCO3          3.966e-006  3.976e-006    -5.402    -5.401     0.001    -14.67 
   CO3-2          3.549e-006  2.383e-006    -5.450    -5.623    -0.173     -7.53 
   MgCO3          1.844e-006  1.849e-006    -5.734    -5.733     0.001    -17.07 
   NaCO3-         4.704e-009  4.258e-009    -8.328    -8.371    -0.043     -3.24 
Ca           1.947e-003 
   Ca+2           1.846e-003  1.238e-003    -2.734    -2.907    -0.173    -18.36 
   CaSO4          5.049e-005  5.061e-005    -4.297    -4.296     0.001      6.59 
   CaHCO3+        4.662e-005  4.227e-005    -4.331    -4.374    -0.043      8.77 
   CaCO3          3.966e-006  3.976e-006    -5.402    -5.401     0.001    -14.67 
   CaHPO4         3.391e-007  3.400e-007    -6.470    -6.469     0.001     (0)   
   CaH2PO4+       1.559e-008  1.411e-008    -7.807    -7.850    -0.043     (0)   
   CaPO4-         1.233e-008  1.116e-008    -7.909    -7.952    -0.043     (0)   
   CaOH+          4.545e-009  4.100e-009    -8.342    -8.387    -0.045     (0)   
   CaHSO4+        1.485e-011  1.340e-011   -10.828   -10.873    -0.045     (0)   
Cl           7.055e-004 
   Cl-            7.055e-004  6.355e-004    -3.152    -3.197    -0.045     17.19 
F            2.106e-005 
   F-             2.006e-005  1.805e-005    -4.698    -4.743    -0.046     -1.57 
   MgF+           1.000e-006  9.032e-007    -6.000    -6.044    -0.044    -10.60 
   NaF            4.475e-009  4.486e-009    -8.349    -8.348     0.001      6.35 
   HF             9.900e-010  9.924e-010    -9.004    -9.003     0.001     11.40 
   HF2-           6.343e-014  5.722e-014   -13.198   -13.242    -0.045     20.84 
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   SiF6-2         1.799e-031  1.202e-031   -30.745   -30.920    -0.175     40.95 
H(0)         4.298e-026 
   H2             2.149e-026  2.154e-026   -25.668   -25.667     0.001     28.63 
K            4.094e-005 
   K+             4.088e-005  3.681e-005    -4.388    -4.434    -0.046      8.27 
   KSO4-          5.422e-008  4.907e-008    -7.266    -7.309    -0.043     (0)   
   KHPO4-         5.691e-011  5.151e-011   -10.245   -10.288    -0.043     (0)   
Mg           1.687e-003 
   Mg+2           1.590e-003  1.074e-003    -2.799    -2.969    -0.170    -20.92 
   MgHCO3+        5.375e-005  4.845e-005    -4.270    -4.315    -0.045      4.78 
   MgSO4          4.059e-005  4.069e-005    -4.392    -4.391     0.001      4.92 
   MgCO3          1.844e-006  1.849e-006    -5.734    -5.733     0.001    -17.07 
   MgF+           1.000e-006  9.032e-007    -6.000    -6.044    -0.044    -10.60 
   MgHPO4         3.975e-007  3.985e-007    -6.401    -6.400     0.001     (0)   
   MgH2PO4+       1.721e-008  1.558e-008    -7.764    -7.807    -0.043     (0)   
   MgOH+          1.503e-008  1.365e-008    -7.823    -7.865    -0.042     (0)   
   MgPO4-         1.442e-008  1.305e-008    -7.841    -7.884    -0.043     (0)   
N(5)         1.214e-004 
   NO3-           1.214e-004  1.091e-004    -3.916    -3.962    -0.046     27.26 
Na           4.830e-004 
   Na+            4.779e-004  4.318e-004    -3.321    -3.365    -0.044     -2.57 
   NaHCO3         4.555e-006  4.566e-006    -5.342    -5.340     0.001     19.41 
   NaSO4-         5.619e-007  5.086e-007    -6.250    -6.294    -0.043     18.04 
   NaCO3-         4.704e-009  4.258e-009    -8.328    -8.371    -0.043     -3.24 
   NaF            4.475e-009  4.486e-009    -8.349    -8.348     0.001      6.35 
   NaHPO4-        6.676e-010  6.043e-010    -9.176    -9.219    -0.043     (0)   
   NaOH           1.910e-021  1.915e-021   -20.719   -20.718     0.001     (0)   
O(0)         7.753e-004 
   O2             3.877e-004  3.886e-004    -3.412    -3.410     0.001     28.55 
P            2.584e-006 
   HPO4-2         1.074e-006  7.177e-007    -5.969    -6.144    -0.175      5.23 
   H2PO4-         7.130e-007  6.454e-007    -6.147    -6.190    -0.043     29.69 
   MgHPO4         3.975e-007  3.985e-007    -6.401    -6.400     0.001     (0)   
   CaHPO4         3.391e-007  3.400e-007    -6.470    -6.469     0.001     (0)   
   MgH2PO4+       1.721e-008  1.558e-008    -7.764    -7.807    -0.043     (0)   
   CaH2PO4+       1.559e-008  1.411e-008    -7.807    -7.850    -0.043     (0)   
   MgPO4-         1.442e-008  1.305e-008    -7.841    -7.884    -0.043     (0)   
   CaPO4-         1.233e-008  1.116e-008    -7.909    -7.952    -0.043     (0)   
   NaHPO4-        6.676e-010  6.043e-010    -9.176    -9.219    -0.043     (0)   
   KHPO4-         5.691e-011  5.151e-011   -10.245   -10.288    -0.043     (0)   
   PO4-3          1.117e-011  4.393e-012   -10.952   -11.357    -0.406    -28.75 
S(6)         4.895e-004 
   SO4-2          3.978e-004  2.656e-004    -3.400    -3.576    -0.175     10.77 
   CaSO4          5.049e-005  5.061e-005    -4.297    -4.296     0.001      6.59 
   MgSO4          4.059e-005  4.069e-005    -4.392    -4.391     0.001      4.92 
   NaSO4-         5.619e-007  5.086e-007    -6.250    -6.294    -0.043     18.04 
   KSO4-          5.422e-008  4.907e-008    -7.266    -7.309    -0.043     (0)   
   HSO4-          9.976e-010  8.999e-010    -9.001    -9.046    -0.045     38.54 
   CaHSO4+        1.485e-011  1.340e-011   -10.828   -10.873    -0.045     (0)   
Si           6.161e-005 
   H4SiO4         6.151e-005  6.166e-005    -4.211    -4.210     0.001     54.11 
   H3SiO4-        9.882e-008  8.908e-008    -7.005    -7.050    -0.045     27.25 
   H2SiO4-2       4.840e-014  3.250e-014   -13.315   -13.488    -0.173     (0)   




 Phase               SI   log IAP   log K(280 K,   1 atm) 
 
 Anhydrite        -2.39     -6.48   -4.09  CaSO4 
 Aragonite        -0.29     -8.53   -8.24  CaCO3 
 Calcite          -0.13     -8.53   -8.40  CaCO3 
 Chalcedony       -0.43     -4.21   -3.78  SiO2 
 Chrysotile       -8.11     26.47   34.58  Mg3Si2O5(OH)4 
 CO2(g)           -1.98     -3.20   -1.22  CO2 
 Dolomite         -0.48    -17.12  -16.64  CaMg(CO3)2 
 Fluorite         -1.55    -12.39  -10.84  CaF2 
 Gypsum           -1.89     -6.48   -4.60  CaSO4:2H2O 
 H2(g)           -22.62    -25.67   -3.04  H2 
 H2O(g)           -2.00     -0.00    2.00  H2O 
 Halite           -8.09     -6.56    1.53  NaCl 
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 Hydroxyapatite   -2.06     -3.77   -1.71  Ca5(PO4)3OH 
 O2(g)            -0.68     -3.41   -2.73  O2 
 Quartz            0.05     -4.21   -4.26  SiO2 
 Sepiolite        -5.64     10.63   16.27  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -8.03     10.63   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.34     -4.21   -2.87  SiO2 
 Sylvite          -8.33     -7.63    0.70  KCl 
 Talc             -5.54     18.05   23.59  Mg3Si4O10(OH)2 
 
 




 Elements           Molality       Moles 
 
 Alkalinity       4.778e-003  4.778e-003 
 Br               6.261e-007  6.261e-007 
 Ca               2.047e-003  2.047e-003 
 Cl               1.016e-003  1.016e-003 
 F                2.106e-005  2.106e-005 
 K                5.629e-005  5.629e-005 
 Mg               1.770e-003  1.770e-003 
 N(5)             1.286e-004  1.286e-004 
 Na               7.833e-004  7.833e-004 
 O(0)             8.129e-004  8.129e-004 
 P                3.230e-006  3.230e-006 
 S(6)             4.582e-004  4.582e-004 
 Si               5.495e-005  5.495e-005 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.400     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 6 oC) = 442 
                          Density (g/cm3)  =   1.00039 
                               Volume (L)  =   1.00047 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.135e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  5.285e-003 
                       Total CO2 (mol/kg)  =  5.285e-003 
                      Temperature (deg C)  =   6.70 
                  Electrical balance (eq)  =  1.609e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =  10.93 
                               Iterations  =   8 
                                  Total H  = 1.110174e+002 




 Redox couple             pe  Eh (volts) 
 
 O(-2)/O(0)          14.8877      0.8266 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   OH-            6.109e-008  5.481e-008    -7.214    -7.261    -0.047     -5.26 
   H+             4.367e-008  3.981e-008    -7.360    -7.400    -0.040      0.00 
   H2O            5.551e+001  9.998e-001     1.744    -0.000     0.000     18.02 
Br           6.261e-007 
   Br-            6.261e-007  5.608e-007    -6.203    -6.251    -0.048     23.67 
C(4)         5.285e-003 
   HCO3-          4.634e-003  4.183e-003    -2.334    -2.378    -0.044     22.55 
   CO2            5.221e-004  5.235e-004    -3.282    -3.281     0.001     36.82 
   MgHCO3+        5.813e-005  5.225e-005    -4.236    -4.282    -0.046      4.77 
   CaHCO3+        5.020e-005  4.540e-005    -4.299    -4.343    -0.044      8.75 
   NaHCO3         7.647e-006  7.667e-006    -5.117    -5.115     0.001     19.41 
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   CaCO3          5.359e-006  5.373e-006    -5.271    -5.270     0.001    -14.67 
   CO3-2          4.660e-006  3.094e-006    -5.332    -5.509    -0.178     -7.58 
   MgCO3          2.480e-006  2.486e-006    -5.606    -5.604     0.001    -17.06 
   NaCO3-         9.894e-009  8.932e-009    -8.005    -8.049    -0.044     -3.28 
Ca           2.047e-003 
   Ca+2           1.943e-003  1.289e-003    -2.712    -2.890    -0.178    -18.36 
   CaHCO3+        5.020e-005  4.540e-005    -4.299    -4.343    -0.044      8.75 
   CaSO4          4.831e-005  4.844e-005    -4.316    -4.315     0.001      6.57 
   CaCO3          5.359e-006  5.373e-006    -5.271    -5.270     0.001    -14.67 
   CaHPO4         4.578e-007  4.590e-007    -6.339    -6.338     0.001     (0)   
   CaPO4-         2.092e-008  1.889e-008    -7.679    -7.724    -0.044     (0)   
   CaH2PO4+       1.678e-008  1.515e-008    -7.775    -7.820    -0.044     (0)   
   CaOH+          5.974e-009  5.373e-009    -8.224    -8.270    -0.046     (0)   
   CaHSO4+        1.130e-011  1.017e-011   -10.947   -10.993    -0.046     (0)   
Cl           1.016e-003 
   Cl-            1.016e-003  9.124e-004    -2.993    -3.040    -0.047     17.18 
F            2.106e-005 
   F-             2.002e-005  1.797e-005    -4.698    -4.746    -0.047     -1.58 
   MgF+           1.033e-006  9.300e-007    -5.986    -6.032    -0.046    -10.60 
   NaF            7.199e-009  7.217e-009    -8.143    -8.142     0.001      6.34 
   HF             7.799e-010  7.820e-010    -9.108    -9.107     0.001     11.38 
   HF2-           4.976e-014  4.476e-014   -13.303   -13.349    -0.046     20.82 
   SiF6-2         6.408e-032  4.235e-032   -31.193   -31.373    -0.180     40.93 
H(0)         2.718e-026 
   H2             1.359e-026  1.362e-026   -25.867   -25.866     0.001     28.63 
K            5.629e-005 
   K+             5.622e-005  5.047e-005    -4.250    -4.297    -0.047      8.26 
   KSO4-          6.836e-008  6.171e-008    -7.165    -7.210    -0.044     (0)   
   KHPO4-         1.019e-010  9.197e-011    -9.992   -10.036    -0.044     (0)   
Mg           1.770e-003 
   Mg+2           1.669e-003  1.115e-003    -2.778    -2.953    -0.175    -20.90 
   MgHCO3+        5.813e-005  5.225e-005    -4.236    -4.282    -0.046      4.77 
   MgSO4          3.859e-005  3.869e-005    -4.413    -4.412     0.001      4.90 
   MgCO3          2.480e-006  2.486e-006    -5.606    -5.604     0.001    -17.06 
   MgF+           1.033e-006  9.300e-007    -5.986    -6.032    -0.046    -10.60 
   MgHPO4         5.354e-007  5.368e-007    -6.271    -6.270     0.001     (0)   
   MgPO4-         2.442e-008  2.204e-008    -7.612    -7.657    -0.044     (0)   
   MgOH+          1.931e-008  1.749e-008    -7.714    -7.757    -0.043     (0)   
   MgH2PO4+       1.849e-008  1.669e-008    -7.733    -7.778    -0.044     (0)   
N(5)         1.286e-004 
   NO3-           1.286e-004  1.152e-004    -3.891    -3.939    -0.048     27.22 
Na           7.833e-004 
   Na+            7.748e-004  6.981e-004    -3.111    -3.156    -0.045     -2.59 
   NaHCO3         7.647e-006  7.667e-006    -5.117    -5.115     0.001     19.41 
   NaSO4-         8.376e-007  7.561e-007    -6.077    -6.121    -0.044     18.04 
   NaCO3-         9.894e-009  8.932e-009    -8.005    -8.049    -0.044     -3.28 
   NaF            7.199e-009  7.217e-009    -8.143    -8.142     0.001      6.34 
   NaHPO4-        1.409e-009  1.272e-009    -8.851    -8.895    -0.044     (0)   
   NaOH           3.816e-021  3.826e-021   -20.418   -20.417     0.001     (0)   
O(0)         8.129e-004 
   O2             4.064e-004  4.075e-004    -3.391    -3.390     0.001     28.53 
P            3.230e-006 
   HPO4-2         1.414e-006  9.346e-007    -5.849    -6.029    -0.180      5.23 
   H2PO4-         7.405e-007  6.685e-007    -6.130    -6.175    -0.044     29.67 
   MgHPO4         5.354e-007  5.368e-007    -6.271    -6.270     0.001     (0)   
   CaHPO4         4.578e-007  4.590e-007    -6.339    -6.338     0.001     (0)   
   MgPO4-         2.442e-008  2.204e-008    -7.612    -7.657    -0.044     (0)   
   CaPO4-         2.092e-008  1.889e-008    -7.679    -7.724    -0.044     (0)   
   MgH2PO4+       1.849e-008  1.669e-008    -7.733    -7.778    -0.044     (0)   
   CaH2PO4+       1.678e-008  1.515e-008    -7.775    -7.820    -0.044     (0)   
   NaHPO4-        1.409e-009  1.272e-009    -8.851    -8.895    -0.044     (0)   
   KHPO4-         1.019e-010  9.197e-011    -9.992   -10.036    -0.044     (0)   
   PO4-3          1.873e-011  7.169e-012   -10.727   -11.145    -0.417    -28.71 
S(6)         4.582e-004 
   SO4-2          3.704e-004  2.445e-004    -3.431    -3.612    -0.180     10.73 
   CaSO4          4.831e-005  4.844e-005    -4.316    -4.315     0.001      6.57 
   MgSO4          3.859e-005  3.869e-005    -4.413    -4.412     0.001      4.90 
   NaSO4-         8.376e-007  7.561e-007    -6.077    -6.121    -0.044     18.04 
   KSO4-          6.836e-008  6.171e-008    -7.165    -7.210    -0.044     (0)   
   HSO4-          7.292e-010  6.559e-010    -9.137    -9.183    -0.046     38.51 
   CaHSO4+        1.130e-011  1.017e-011   -10.947   -10.993    -0.046     (0)   
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Si           5.495e-005 
   H4SiO4         5.484e-005  5.498e-005    -4.261    -4.260     0.001     54.14 
   H3SiO4-        1.103e-007  9.912e-008    -6.958    -7.004    -0.046     27.23 
   H2SiO4-2       6.745e-014  4.479e-014   -13.171   -13.349    -0.178     (0)   




 Phase               SI   log IAP   log K(279 K,   1 atm) 
 
 Anhydrite        -2.41     -6.50   -4.09  CaSO4 
 Aragonite        -0.16     -8.40   -8.24  CaCO3 
 Calcite           0.00     -8.40   -8.40  CaCO3 
 Chalcedony       -0.48     -4.26   -3.78  SiO2 
 Chrysotile       -7.59     27.02   34.61  Mg3Si2O5(OH)4 
 CO2(g)           -2.06     -3.28   -1.22  CO2 
 Dolomite         -0.22    -16.86  -16.64  CaMg(CO3)2 
 Fluorite         -1.53    -12.38  -10.85  CaF2 
 Gypsum           -1.90     -6.50   -4.60  CaSO4:2H2O 
 H2(g)           -22.82    -25.87   -3.04  H2 
 H2O(g)           -2.01     -0.00    2.01  H2O 
 Halite           -7.72     -6.20    1.53  NaCl 
 Hydroxyapatite   -1.25     -2.94   -1.69  Ca5(PO4)3OH 
 O2(g)            -0.66     -3.39   -2.73  O2 
 Quartz            0.01     -4.26   -4.27  SiO2 
 Sepiolite        -5.36     10.92   16.27  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -7.74     10.92   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.39     -4.26   -2.87  SiO2 
 Sylvite          -8.03     -7.34    0.70  KCl 








Reading input data for simulation 17. 
------------------------------------- 
 
 rem "Sites 11 & 13" 
 SOLUTION_SPREAD 
     units    mg/l 
  Alkalinity  Ca   F    K  Mg  N(5)  N(-3)  O(0)    P   pH  
S(6)   Si  Temperature  Cl   Br  Number  Description    Na 
         195  84  .4    2  44   1.6    .04  12.6  .13  7.3    
44  2.8          6.5  36  .03      11          Nov  17.6 
         146  88   0  2.3  46   1.4    .06  13.6  .05  7.6    
45  2.3          9.3  41  .06      13          Nov  20.5 
 USER_GRAPH 
     -initial_solutions      true 
 START 
         -headings 11,13 
 10 PLOT_XY LA("H4SiO4"),(LA("Ca+2")-2*LA("H+")), color = green, line_w = 0,   
 symbol = Circle, symbol_size = 10  
  -end  
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Alkalinity       3.898e-003  3.898e-003 
 Br               3.756e-007  3.756e-007 
 Ca               2.097e-003  2.097e-003 
 Cl               1.016e-003  1.016e-003 
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 F                2.106e-005  2.106e-005 
 K                5.117e-005  5.117e-005 
 Mg               1.811e-003  1.811e-003 
 N(-3)            2.857e-006  2.857e-006 
 N(5)             1.143e-004  1.143e-004 
 Na               7.659e-004  7.659e-004 
 O(0)             7.878e-004  7.878e-004 
 P                4.199e-006  4.199e-006 
 S(6)             4.582e-004  4.582e-004 
 Si               4.662e-005  4.662e-005 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.300     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 6 oC) = 422 
                          Density (g/cm3)  =   1.00037 
                               Volume (L)  =   1.00040 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.110e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  4.426e-003 
                       Total CO2 (mol/kg)  =  4.426e-003 
                      Temperature (deg C)  =   6.50 
                  Electrical balance (eq)  =  2.664e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =  19.00 
                               Iterations  =   8 
                                  Total H  = 1.110165e+002 




 Redox couple             pe  Eh (volts) 
 
 N(-3)/N(5)           7.0941      0.3936 
 O(-2)/O(0)          15.0032      0.8325 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             5.494e-008  5.012e-008    -7.260    -7.300    -0.040      0.00 
   OH-            4.759e-008  4.274e-008    -7.323    -7.369    -0.047     -5.28 
   H2O            5.551e+001  9.998e-001     1.744    -0.000     0.000     18.02 
Br           3.756e-007 
   Br-            3.756e-007  3.368e-007    -6.425    -6.473    -0.047     23.65 
C(4)         4.426e-003 
   HCO3-          3.781e-003  3.417e-003    -2.422    -2.466    -0.044     22.51 
   CO2            5.396e-004  5.410e-004    -3.268    -3.267     0.001     36.92 
   MgHCO3+        4.903e-005  4.411e-005    -4.310    -4.355    -0.046      4.75 
   CaHCO3+        4.208e-005  3.809e-005    -4.376    -4.419    -0.043      8.74 
   NaHCO3         6.127e-006  6.142e-006    -5.213    -5.212     0.001     19.41 
   CaCO3          3.571e-006  3.580e-006    -5.447    -5.446     0.001    -14.67 
   CO3-2          2.993e-006  1.995e-006    -5.524    -5.700    -0.176     -7.64 
   MgCO3          1.648e-006  1.652e-006    -5.783    -5.782     0.001    -17.06 
   NaCO3-         6.243e-009  5.641e-009    -8.205    -8.249    -0.044     -3.32 
Ca           2.097e-003 
   Ca+2           2.001e-003  1.333e-003    -2.699    -2.875    -0.176    -18.38 
   CaSO4          4.974e-005  4.987e-005    -4.303    -4.302     0.001      6.56 
   CaHCO3+        4.208e-005  3.809e-005    -4.376    -4.419    -0.043      8.74 
   CaCO3          3.571e-006  3.580e-006    -5.447    -5.446     0.001    -14.67 
   CaHPO4         5.740e-007  5.755e-007    -6.241    -6.240     0.001     (0)   
   CaH2PO4+       2.650e-008  2.394e-008    -7.577    -7.621    -0.044     (0)   
   CaPO4-         2.073e-008  1.873e-008    -7.683    -7.727    -0.044     (0)   
   CaOH+          4.901e-009  4.413e-009    -8.310    -8.355    -0.046     (0)   
   CaHSO4+        1.461e-011  1.315e-011   -10.835   -10.881    -0.046     (0)   
Cl           1.016e-003 
   Cl-            1.016e-003  9.133e-004    -2.993    -3.039    -0.046     17.16 
F            2.106e-005 
   F-             1.999e-005  1.796e-005    -4.699    -4.746    -0.047     -1.58 
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   MgF+           1.062e-006  9.569e-007    -5.974    -6.019    -0.045    -10.61 
   NaF            7.055e-009  7.073e-009    -8.151    -8.150     0.001      6.33 
   HF             9.783e-010  9.808e-010    -9.010    -9.008     0.001     11.36 
   HF2-           6.216e-014  5.597e-014   -13.206   -13.252    -0.046     20.80 
   SiF6-2         1.386e-031  9.195e-032   -30.858   -31.036    -0.178     40.90 
H(0)         4.317e-026 
   H2             2.159e-026  2.164e-026   -25.666   -25.665     0.001     28.63 
K            5.117e-005 
   K+             5.111e-005  4.593e-005    -4.292    -4.338    -0.046      8.25 
   KSO4-          6.175e-008  5.579e-008    -7.209    -7.253    -0.044     (0)   
   KHPO4-         1.128e-010  1.019e-010    -9.948    -9.992    -0.044     (0)   
Mg           1.811e-003 
   Mg+2           1.719e-003  1.153e-003    -2.765    -2.938    -0.173    -20.90 
   MgHCO3+        4.903e-005  4.411e-005    -4.310    -4.355    -0.046      4.75 
   MgSO4          3.956e-005  3.966e-005    -4.403    -4.402     0.001      4.89 
   MgCO3          1.648e-006  1.652e-006    -5.783    -5.782     0.001    -17.06 
   MgF+           1.062e-006  9.569e-007    -5.974    -6.019    -0.045    -10.61 
   MgHPO4         6.712e-007  6.729e-007    -6.173    -6.172     0.001     (0)   
   MgH2PO4+       2.918e-008  2.637e-008    -7.535    -7.579    -0.044     (0)   
   MgPO4-         2.418e-008  2.185e-008    -7.616    -7.661    -0.044     (0)   
   MgOH+          1.552e-008  1.407e-008    -7.809    -7.852    -0.043     (0)   
N(-3)        2.857e-006 
   NH4+           2.841e-006  2.543e-006    -5.547    -5.595    -0.048     17.11 
   NH4SO4-        8.876e-009  7.992e-009    -8.052    -8.097    -0.046     (0)   
   NH3            7.137e-009  7.156e-009    -8.146    -8.145     0.001     23.93 
N(5)         1.143e-004 
   NO3-           1.143e-004  1.025e-004    -3.942    -3.989    -0.047     27.19 
Na           7.659e-004 
   Na+            7.589e-004  6.844e-004    -3.120    -3.165    -0.045     -2.61 
   NaHCO3         6.127e-006  6.142e-006    -5.213    -5.212     0.001     19.41 
   NaSO4-         8.172e-007  7.384e-007    -6.088    -6.132    -0.044     18.02 
   NaF            7.055e-009  7.073e-009    -8.151    -8.150     0.001      6.33 
   NaCO3-         6.243e-009  5.641e-009    -8.205    -8.249    -0.044     -3.32 
   NaHPO4-        1.681e-009  1.519e-009    -8.774    -8.818    -0.044     (0)   
   NaOH           2.918e-021  2.926e-021   -20.535   -20.534     0.001     (0)   
O(0)         7.878e-004 
   O2             3.939e-004  3.949e-004    -3.405    -3.403     0.001     28.50 
P            4.199e-006 
   HPO4-2         1.716e-006  1.138e-006    -5.766    -5.944    -0.178      5.22 
   H2PO4-         1.136e-006  1.026e-006    -5.945    -5.989    -0.044     29.64 
   MgHPO4         6.712e-007  6.729e-007    -6.173    -6.172     0.001     (0)   
   CaHPO4         5.740e-007  5.755e-007    -6.241    -6.240     0.001     (0)   
   MgH2PO4+       2.918e-008  2.637e-008    -7.535    -7.579    -0.044     (0)   
   CaH2PO4+       2.650e-008  2.394e-008    -7.577    -7.621    -0.044     (0)   
   MgPO4-         2.418e-008  2.185e-008    -7.616    -7.661    -0.044     (0)   
   CaPO4-         2.073e-008  1.873e-008    -7.683    -7.727    -0.044     (0)   
   NaHPO4-        1.681e-009  1.519e-009    -8.774    -8.818    -0.044     (0)   
   KHPO4-         1.128e-010  1.019e-010    -9.948    -9.992    -0.044     (0)   
   PO4-3          1.787e-011  6.903e-012   -10.748   -11.161    -0.413    -28.71 
S(6)         4.582e-004 
   SO4-2          3.680e-004  2.439e-004    -3.434    -3.613    -0.179     10.66 
   CaSO4          4.974e-005  4.987e-005    -4.303    -4.302     0.001      6.56 
   MgSO4          3.956e-005  3.966e-005    -4.403    -4.402     0.001      4.89 
   NaSO4-         8.172e-007  7.384e-007    -6.088    -6.132    -0.044     18.02 
   KSO4-          6.175e-008  5.579e-008    -7.209    -7.253    -0.044     (0)   
   NH4SO4-        8.876e-009  7.992e-009    -8.052    -8.097    -0.046     (0)   
   HSO4-          9.114e-010  8.206e-010    -9.040    -9.086    -0.046     38.48 
   CaHSO4+        1.461e-011  1.315e-011   -10.835   -10.881    -0.046     (0)   
Si           4.662e-005 
   H4SiO4         4.655e-005  4.667e-005    -4.332    -4.331     0.001     54.17 
   H3SiO4-        7.361e-008  6.623e-008    -7.133    -7.179    -0.046     27.22 
   H2SiO4-2       3.509e-014  2.339e-014   -13.455   -13.631    -0.176     (0)   




 Phase               SI   log IAP   log K(279 K,   1 atm) 
 
 Anhydrite        -2.40     -6.49   -4.09  CaSO4 
 Aragonite        -0.33     -8.58   -8.24  CaCO3 
 Calcite          -0.18     -8.58   -8.40  CaCO3 
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 Chalcedony       -0.55     -4.33   -3.78  SiO2 
 Chrysotile       -8.32     26.32   34.64  Mg3Si2O5(OH)4 
 CO2(g)           -2.05     -3.27   -1.22  CO2 
 Dolomite         -0.58    -17.21  -16.63  CaMg(CO3)2 
 Fluorite         -1.52    -12.37  -10.85  CaF2 
 Gypsum           -1.89     -6.49   -4.60  CaSO4:2H2O 
 H2(g)           -22.62    -25.66   -3.04  H2 
 H2O(g)           -2.01     -0.00    2.01  H2O 
 Halite           -7.73     -6.20    1.53  NaCl 
 Hydroxyapatite   -1.34     -3.01   -1.67  Ca5(PO4)3OH 
 NH3(g)          -10.36     -8.15    2.21  NH3 
 O2(g)            -0.67     -3.40   -2.73  O2 
 Quartz           -0.06     -4.33   -4.27  SiO2 
 Sepiolite        -5.95     10.33   16.28  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -8.33     10.33   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.46     -4.33   -2.87  SiO2 
 Sylvite          -8.07     -7.38    0.70  KCl 
 Talc             -5.98     17.66   23.65  Mg3Si4O10(OH)2 
 
 




 Elements           Molality       Moles 
 
 Alkalinity       2.919e-003  2.919e-003 
 Br               7.512e-007  7.512e-007 
 Ca               2.197e-003  2.197e-003 
 Cl               1.157e-003  1.157e-003 
 K                5.884e-005  5.884e-005 
 Mg               1.893e-003  1.893e-003 
 N(-3)            4.285e-006  4.285e-006 
 N(5)             9.999e-005  9.999e-005 
 Na               8.921e-004  8.921e-004 
 O(0)             8.503e-004  8.503e-004 
 P                1.615e-006  1.615e-006 
 S(6)             4.686e-004  4.686e-004 
 Si               3.830e-005  3.830e-005 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.600     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 9 oC) = 453 
                          Density (g/cm3)  =   1.00017 
                               Volume (L)  =   1.00046 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.111e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  3.091e-003 
                       Total CO2 (mol/kg)  =  3.091e-003 
                      Temperature (deg C)  =   9.30 
                  Electrical balance (eq)  =  4.019e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =  29.43 
                               Iterations  =   8 
                                  Total H  = 1.110155e+002 




 Redox couple             pe  Eh (volts) 
 
 N(-3)/N(5)           6.5089      0.3648 
 O(-2)/O(0)          14.4504      0.8098 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 




   OH-            1.225e-007  1.100e-007    -6.912    -6.959    -0.047     -5.01 
   H+             2.754e-008  2.512e-008    -7.560    -7.600    -0.040      0.00 
   H2O            5.551e+001  9.998e-001     1.744    -0.000     0.000     18.02 
Br           7.512e-007 
   Br-            7.512e-007  6.733e-007    -6.124    -6.172    -0.048     23.91 
C(4)         3.091e-003 
   HCO3-          2.810e-003  2.538e-003    -2.551    -2.596    -0.044     22.97 
   CO2            1.878e-004  1.883e-004    -3.726    -3.725     0.001     35.62 
   MgHCO3+        3.828e-005  3.442e-005    -4.417    -4.463    -0.046      4.92 
   CaHCO3+        3.570e-005  3.230e-005    -4.447    -4.491    -0.043      8.94 
   CaCO3          6.105e-006  6.121e-006    -5.214    -5.213     0.001    -14.66 
   NaHCO3         5.271e-006  5.285e-006    -5.278    -5.277     0.001     19.41 
   CO3-2          4.837e-006  3.219e-006    -5.315    -5.492    -0.177     -6.86 
   MgCO3          2.912e-006  2.919e-006    -5.536    -5.535     0.001    -17.07 
   NaCO3-         1.190e-008  1.075e-008    -7.924    -7.969    -0.044     -2.75 
Ca           2.197e-003 
   Ca+2           2.101e-003  1.397e-003    -2.678    -2.855    -0.177    -18.27 
   CaSO4          5.345e-005  5.358e-005    -4.272    -4.271     0.001      6.74 
   CaHCO3+        3.570e-005  3.230e-005    -4.447    -4.491    -0.043      8.94 
   CaCO3          6.105e-006  6.121e-006    -5.214    -5.213     0.001    -14.66 
   CaHPO4         2.711e-007  2.718e-007    -6.567    -6.566     0.001     (0)   
   CaPO4-         2.074e-008  1.873e-008    -7.683    -7.727    -0.044     (0)   
   CaOH+          1.026e-008  9.231e-009    -7.989    -8.035    -0.046     (0)   
   CaH2PO4+       6.176e-009  5.578e-009    -8.209    -8.253    -0.044     (0)   
   CaHSO4+        8.091e-012  7.282e-012   -11.092   -11.138    -0.046     (0)   
Cl           1.157e-003 
   Cl-            1.157e-003  1.040e-003    -2.937    -2.983    -0.046     17.38 
H(0)         1.051e-026 
   H2             5.255e-027  5.268e-027   -26.279   -26.278     0.001     28.63 
K            5.884e-005 
   K+             5.877e-005  5.279e-005    -4.231    -4.277    -0.047      8.41 
   KSO4-          7.509e-008  6.782e-008    -7.124    -7.169    -0.044     (0)   
   KHPO4-         5.510e-011  4.976e-011   -10.259   -10.303    -0.044     (0)   
Mg           1.893e-003 
   Mg+2           1.806e-003  1.210e-003    -2.743    -2.917    -0.174    -21.01 
   MgSO4          4.507e-005  4.518e-005    -4.346    -4.345     0.001      5.07 
   MgHCO3+        3.828e-005  3.442e-005    -4.417    -4.463    -0.046      4.92 
   MgCO3          2.912e-006  2.919e-006    -5.536    -5.535     0.001    -17.07 
   MgHPO4         3.173e-007  3.181e-007    -6.499    -6.497     0.001     (0)   
   MgOH+          4.320e-008  3.914e-008    -7.365    -7.407    -0.043     (0)   
   MgPO4-         2.422e-008  2.187e-008    -7.616    -7.660    -0.044     (0)   
   MgH2PO4+       6.809e-009  6.149e-009    -8.167    -8.211    -0.044     (0)   
N(-3)        4.285e-006 
   NH4+           4.246e-006  3.799e-006    -5.372    -5.420    -0.048     17.30 
   NH3            2.660e-008  2.667e-008    -7.575    -7.574     0.001     24.03 
   NH4SO4-        1.328e-008  1.195e-008    -7.877    -7.923    -0.046     (0)   
N(5)         9.999e-005 
   NO3-           9.999e-005  8.963e-005    -4.000    -4.048    -0.048     27.67 
Na           8.921e-004 
   Na+            8.858e-004  7.985e-004    -3.053    -3.098    -0.045     -2.35 
   NaHCO3         5.271e-006  5.285e-006    -5.278    -5.277     0.001     19.41 
   NaSO4-         9.740e-007  8.797e-007    -6.011    -6.056    -0.044     18.19 
   NaCO3-         1.190e-008  1.075e-008    -7.924    -7.969    -0.044     -2.75 
   NaHPO4-        8.335e-010  7.528e-010    -9.079    -9.123    -0.044     (0)   
   NaOH           8.761e-021  8.783e-021   -20.057   -20.056     0.001     (0)   
O(0)         8.503e-004 
   O2             4.252e-004  4.263e-004    -3.371    -3.370     0.001     28.86 
P            1.615e-006 
   HPO4-2         7.300e-007  4.835e-007    -6.137    -6.316    -0.179      5.35 
   MgHPO4         3.173e-007  3.181e-007    -6.499    -6.497     0.001     (0)   
   CaHPO4         2.711e-007  2.718e-007    -6.567    -6.566     0.001     (0)   
   H2PO4-         2.377e-007  2.147e-007    -6.624    -6.668    -0.044     29.99 
   MgPO4-         2.422e-008  2.187e-008    -7.616    -7.660    -0.044     (0)   
   CaPO4-         2.074e-008  1.873e-008    -7.683    -7.727    -0.044     (0)   
   MgH2PO4+       6.809e-009  6.149e-009    -8.167    -8.211    -0.044     (0)   
   CaH2PO4+       6.176e-009  5.578e-009    -8.209    -8.253    -0.044     (0)   
   NaHPO4-        8.335e-010  7.528e-010    -9.079    -9.123    -0.044     (0)   
   KHPO4-         5.510e-011  4.976e-011   -10.259   -10.303    -0.044     (0)   
   PO4-3          1.619e-011  6.231e-012   -10.791   -11.205    -0.415    -28.87 
S(6)         4.686e-004 
   SO4-2          3.691e-004  2.442e-004    -3.433    -3.612    -0.179     11.44 
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   CaSO4          5.345e-005  5.358e-005    -4.272    -4.271     0.001      6.74 
   MgSO4          4.507e-005  4.518e-005    -4.346    -4.345     0.001      5.07 
   NaSO4-         9.740e-007  8.797e-007    -6.011    -6.056    -0.044     18.19 
   KSO4-          7.509e-008  6.782e-008    -7.124    -7.169    -0.044     (0)   
   NH4SO4-        1.328e-008  1.195e-008    -7.877    -7.923    -0.046     (0)   
   HSO4-          4.816e-010  4.335e-010    -9.317    -9.363    -0.046     38.87 
   CaHSO4+        8.091e-012  7.282e-012   -11.092   -11.138    -0.046     (0)   
Si           3.830e-005 
   H4SiO4         3.816e-005  3.826e-005    -4.418    -4.417     0.001     53.76 
   H3SiO4-        1.361e-007  1.224e-007    -6.866    -6.912    -0.046     27.40 




 Phase               SI   log IAP   log K(282 K,   1 atm) 
 
 Anhydrite        -2.35     -6.47   -4.12  CaSO4 
 Aragonite        -0.09     -8.35   -8.25  CaCO3 
 Calcite           0.06     -8.35   -8.41  CaCO3 
 Chalcedony       -0.67     -4.42   -3.74  SiO2 
 Chrysotile       -6.24     28.01   34.25  Mg3Si2O5(OH)4 
 CO2(g)           -2.47     -3.73   -1.26  CO2 
 Dolomite         -0.05    -16.76  -16.71  CaMg(CO3)2 
 Gypsum           -1.87     -6.47   -4.59  CaSO4:2H2O 
 H2(g)           -23.23    -26.28   -3.05  H2 
 H2O(g)           -1.93     -0.00    1.93  H2O 
 Halite           -7.62     -6.08    1.54  NaCl 
 Hydroxyapatite   -0.87     -2.82   -1.95  Ca5(PO4)3OH 
 NH3(g)           -9.72     -7.57    2.14  NH3 
 O2(g)            -0.61     -3.37   -2.76  O2 
 Quartz           -0.19     -4.42   -4.22  SiO2 
 Sepiolite        -4.88     11.31   16.20  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -7.35     11.31   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.57     -4.42   -2.85  SiO2 
 Sylvite          -7.99     -7.26    0.73  KCl 








Reading input data for simulation 18. 
------------------------------------- 
 
 rem "Site 12" 
 SOLUTION_SPREAD 
     units    mg/l 
  Alkalinity  Ca   F  K  Mg  N(5)  N(-3)  O(0)    P   pH  
S(6)   Si  Temperature  Cl   Br  Number  Description    Na 
         233  84  .5  3  47    .9      0  12.2  .07  7.4    
81  1.1          6.1  69  .05      12          Nov  34.2 
 USER_GRAPH 
     -initial_solutions      true 
 START 
         -headings 12 
 10 PLOT_XY LA("H4SiO4"),(LA("Ca+2")-2*LA("H+")), color = green, line_w = 0,   
 symbol = Star, symbol_size = 10  
  -end  
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 








 Alkalinity       4.658e-003  4.658e-003 
 Br               6.261e-007  6.261e-007 
 Ca               2.097e-003  2.097e-003 
 Cl               1.947e-003  1.947e-003 
 F                2.633e-005  2.633e-005 
 K                7.677e-005  7.677e-005 
 Mg               1.934e-003  1.934e-003 
 N(5)             6.429e-005  6.429e-005 
 Na               1.488e-003  1.488e-003 
 O(0)             7.629e-004  7.629e-004 
 P                2.261e-006  2.261e-006 
 S(6)             8.437e-004  8.437e-004 
 Si               1.832e-005  1.832e-005 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.400     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 6 oC) = 520 
                          Density (g/cm3)  =   1.00048 
                               Volume (L)  =   1.00047 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.300e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  5.157e-003 
                       Total CO2 (mol/kg)  =  5.157e-003 
                      Temperature (deg C)  =   6.10 
                  Electrical balance (eq)  =  1.241e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =   7.26 
                               Iterations  =   8 
                                  Total H  = 1.110171e+002 




 Redox couple             pe  Eh (volts) 
 
 O(-2)/O(0)          14.9374      0.8276 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   OH-            5.818e-008  5.186e-008    -7.235    -7.285    -0.050     -5.32 
   H+             4.388e-008  3.981e-008    -7.358    -7.400    -0.042      0.00 
   H2O            5.551e+001  9.998e-001     1.744    -0.000     0.000     18.02 
Br           6.261e-007 
   Br-            6.261e-007  5.570e-007    -6.203    -6.254    -0.051     23.61 
C(4)         5.157e-003 
   HCO3-          4.512e-003  4.049e-003    -2.346    -2.393    -0.047     22.46 
   CO2            5.129e-004  5.144e-004    -3.290    -3.289     0.001     37.11 
   MgHCO3+        5.965e-005  5.327e-005    -4.224    -4.273    -0.049      4.73 
   CaHCO3+        4.721e-005  4.245e-005    -4.326    -4.372    -0.046      8.71 
   NaHCO3         1.399e-005  1.403e-005    -4.854    -4.853     0.001     19.41 
   CaCO3          5.006e-006  5.021e-006    -5.301    -5.299     0.001    -14.67 
   CO3-2          4.531e-006  2.939e-006    -5.344    -5.532    -0.188     -7.73 
   MgCO3          2.458e-006  2.465e-006    -5.609    -5.608     0.001    -17.06 
   NaCO3-         1.780e-008  1.597e-008    -7.750    -7.797    -0.047     -3.40 
Ca           2.097e-003 
   Ca+2           1.959e-003  1.270e-003    -2.708    -2.896    -0.188    -18.37 
   CaSO4          8.523e-005  8.549e-005    -4.069    -4.068     0.001      6.53 
   CaHCO3+        4.721e-005  4.245e-005    -4.326    -4.372    -0.046      8.71 
   CaCO3          5.006e-006  5.021e-006    -5.301    -5.299     0.001    -14.67 
   CaHPO4         3.066e-007  3.075e-007    -6.513    -6.512     0.001     (0)   
   CaPO4-         1.392e-008  1.249e-008    -7.856    -7.903    -0.047     (0)   
   CaH2PO4+       1.135e-008  1.019e-008    -7.945    -7.992    -0.047     (0)   
   CaOH+          5.922e-009  5.293e-009    -8.228    -8.276    -0.049     (0)   
   CaHSO4+        1.996e-011  1.784e-011   -10.700   -10.749    -0.049     (0)   
Cl           1.947e-003 
   Cl-            1.947e-003  1.738e-003    -2.711    -2.760    -0.050     17.13 
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F            2.633e-005 
   F-             2.497e-005  2.226e-005    -4.602    -4.652    -0.050     -1.59 
   MgF+           1.340e-006  1.199e-006    -5.873    -5.921    -0.048    -10.61 
   NaF            1.683e-008  1.688e-008    -7.774    -7.773     0.001      6.30 
   HF             9.565e-010  9.593e-010    -9.019    -9.018     0.001     11.33 
   HF2-           7.553e-014  6.751e-014   -13.122   -13.171    -0.049     20.76 
   SiF6-2         8.436e-032  5.441e-032   -31.074   -31.264    -0.190     40.86 
H(0)         2.735e-026 
   H2             1.368e-026  1.372e-026   -25.864   -25.863     0.001     28.63 
K            7.677e-005 
   K+             7.660e-005  6.831e-005    -4.116    -4.166    -0.050      8.23 
   KSO4-          1.656e-007  1.486e-007    -6.781    -6.828    -0.047     (0)   
   KHPO4-         9.555e-011  8.575e-011   -10.020   -10.067    -0.047     (0)   
Mg           1.934e-003 
   Mg+2           1.798e-003  1.175e-003    -2.745    -2.930    -0.185    -20.86 
   MgSO4          7.192e-005  7.213e-005    -4.143    -4.142     0.001      4.86 
   MgHCO3+        5.965e-005  5.327e-005    -4.224    -4.273    -0.049      4.73 
   MgCO3          2.458e-006  2.465e-006    -5.609    -5.608     0.001    -17.06 
   MgF+           1.340e-006  1.199e-006    -5.873    -5.921    -0.048    -10.61 
   MgHPO4         3.835e-007  3.847e-007    -6.416    -6.415     0.001     (0)   
   MgOH+          1.923e-008  1.732e-008    -7.716    -7.761    -0.045     (0)   
   MgPO4-         1.737e-008  1.559e-008    -7.760    -7.807    -0.047     (0)   
   MgH2PO4+       1.337e-008  1.200e-008    -7.874    -7.921    -0.047     (0)   
N(5)         6.429e-005 
   NO3-           6.429e-005  5.720e-005    -4.192    -4.243    -0.051     27.12 
Na           1.488e-003 
   Na+            1.472e-003  1.318e-003    -2.832    -2.880    -0.048     -2.64 
   NaHCO3         1.399e-005  1.403e-005    -4.854    -4.853     0.001     19.41 
   NaSO4-         2.852e-006  2.559e-006    -5.545    -5.592    -0.047     18.02 
   NaCO3-         1.780e-008  1.597e-008    -7.750    -7.797    -0.047     -3.40 
   NaF            1.683e-008  1.688e-008    -7.774    -7.773     0.001      6.30 
   NaHPO4-        1.843e-009  1.654e-009    -8.734    -8.781    -0.047     (0)   
   NaOH           6.813e-021  6.834e-021   -20.167   -20.165     0.001     (0)   
O(0)         7.629e-004 
   O2             3.815e-004  3.826e-004    -3.419    -3.417     0.001     28.44 
P            2.261e-006 
   HPO4-2         9.981e-007  6.438e-007    -6.001    -6.191    -0.190      5.23 
   H2PO4-         5.151e-007  4.622e-007    -6.288    -6.335    -0.047     29.59 
   MgHPO4         3.835e-007  3.847e-007    -6.416    -6.415     0.001     (0)   
   CaHPO4         3.066e-007  3.075e-007    -6.513    -6.512     0.001     (0)   
   MgPO4-         1.737e-008  1.559e-008    -7.760    -7.807    -0.047     (0)   
   CaPO4-         1.392e-008  1.249e-008    -7.856    -7.903    -0.047     (0)   
   MgH2PO4+       1.337e-008  1.200e-008    -7.874    -7.921    -0.047     (0)   
   CaH2PO4+       1.135e-008  1.019e-008    -7.945    -7.992    -0.047     (0)   
   NaHPO4-        1.843e-009  1.654e-009    -8.734    -8.781    -0.047     (0)   
   KHPO4-         9.555e-011  8.575e-011   -10.020   -10.067    -0.047     (0)   
   PO4-3          1.349e-011  4.871e-012   -10.870   -11.312    -0.442    -28.63 
S(6)         8.437e-004 
   SO4-2          6.835e-004  4.404e-004    -3.165    -3.356    -0.191     10.57 
   CaSO4          8.523e-005  8.549e-005    -4.069    -4.068     0.001      6.53 
   MgSO4          7.192e-005  7.213e-005    -4.143    -4.142     0.001      4.86 
   NaSO4-         2.852e-006  2.559e-006    -5.545    -5.592    -0.047     18.02 
   KSO4-          1.656e-007  1.486e-007    -6.781    -6.828    -0.047     (0)   
   HSO4-          1.307e-009  1.168e-009    -8.884    -8.932    -0.049     38.43 
   CaHSO4+        1.996e-011  1.784e-011   -10.700   -10.749    -0.049     (0)   
Si           1.832e-005 
   H4SiO4         1.828e-005  1.834e-005    -4.738    -4.737     0.001     54.23 
   H3SiO4-        3.604e-008  3.218e-008    -7.443    -7.492    -0.049     27.20 
   H2SiO4-2       2.136e-014  1.385e-014   -13.670   -13.858    -0.188     (0)   




 Phase               SI   log IAP   log K(279 K,   1 atm) 
 
 Anhydrite        -2.17     -6.25   -4.09  CaSO4 
 Aragonite        -0.19     -8.43   -8.24  CaCO3 
 Calcite          -0.03     -8.43   -8.40  CaCO3 
 Chalcedony       -0.95     -4.74   -3.79  SiO2 
 Chrysotile       -8.56     26.14   34.70  Mg3Si2O5(OH)4 
 CO2(g)           -2.08     -3.29   -1.21  CO2 
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 Dolomite         -0.27    -16.89  -16.62  CaMg(CO3)2 
 Fluorite         -1.34    -12.20  -10.86  CaF2 
 Gypsum           -1.65     -6.25   -4.60  CaSO4:2H2O 
 H2(g)           -22.82    -25.86   -3.04  H2 
 H2O(g)           -2.02     -0.00    2.02  H2O 
 Halite           -7.17     -5.64    1.53  NaCl 
 Hydroxyapatite   -1.83     -3.45   -1.63  Ca5(PO4)3OH 
 O2(g)            -0.69     -3.42   -2.73  O2 
 Quartz           -0.46     -4.74   -4.28  SiO2 
 Sepiolite        -6.76      9.53   16.29  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -9.13      9.53   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.86     -4.74   -2.88  SiO2 
 Sylvite          -7.62     -6.93    0.69  KCl 








Reading input data for simulation 19. 
------------------------------------- 
 
 rem "Site 14" 
 SOLUTION_SPREAD 
     units    mg/l 
  Alkalinity  Ca   F    K  Mg  N(5)  N(-3)  O(0)    P   pH  
S(6)   Si  Temperature  Cl   Br  Number  Description    Na 
         246  92  .4  3.1  45   2.3      0  11.7  .06  7.3    
47  3.3          7.4  67  .03      14          Nov  35.3 
 USER_GRAPH 
     -initial_solutions      true 
 START 
         -headings 14 
 10 PLOT_XY LA("H4SiO4"),(LA("Ca+2")-2*LA("H+")), color = green, line_w = 0,   
 symbol = Circle, symbol_size = 14  
  -end  
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Alkalinity       4.918e-003  4.918e-003 
 Br               3.757e-007  3.757e-007 
 Ca               2.297e-003  2.297e-003 
 Cl               1.891e-003  1.891e-003 
 F                2.107e-005  2.107e-005 
 K                7.932e-005  7.932e-005 
 Mg               1.852e-003  1.852e-003 
 N(5)             1.643e-004  1.643e-004 
 Na               1.536e-003  1.536e-003 
 O(0)             7.317e-004  7.317e-004 
 P                1.938e-006  1.938e-006 
 S(6)             4.895e-004  4.895e-004 
 Si               5.495e-005  5.495e-005 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.300     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 7 oC) = 537 
                          Density (g/cm3)  =   1.00042 
                               Volume (L)  =   1.00053 
                        Activity of water  =   1.000 
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                           Ionic strength  =  1.292e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  5.565e-003 
                       Total CO2 (mol/kg)  =  5.565e-003 
                      Temperature (deg C)  =   7.40 
                  Electrical balance (eq)  =  1.937e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =  11.26 
                               Iterations  =   8 
                                  Total H  = 1.110176e+002 




 Redox couple             pe  Eh (volts) 
 
 O(-2)/O(0)          14.9107      0.8300 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             5.524e-008  5.012e-008    -7.258    -7.300    -0.042      0.00 
   OH-            5.208e-008  4.642e-008    -7.283    -7.333    -0.050     -5.18 
   H2O            5.551e+001  9.998e-001     1.744    -0.000     0.000     18.02 
Br           3.757e-007 
   Br-            3.757e-007  3.342e-007    -6.425    -6.476    -0.051     23.74 
C(4)         5.565e-003 
   HCO3-          4.761e-003  4.273e-003    -2.322    -2.369    -0.047     22.68 
   CO2            6.596e-004  6.616e-004    -3.181    -3.179     0.001     36.48 
   MgHCO3+        6.113e-005  5.460e-005    -4.214    -4.263    -0.049      4.81 
   CaHCO3+        5.776e-005  5.194e-005    -4.238    -4.285    -0.046      8.81 
   NaHCO3         1.519e-005  1.523e-005    -4.818    -4.817     0.001     19.41 
   CaCO3          4.876e-006  4.891e-006    -5.312    -5.311     0.001    -14.67 
   CO3-2          3.954e-006  2.565e-006    -5.403    -5.591    -0.188     -7.35 
   MgCO3          2.125e-006  2.131e-006    -5.673    -5.671     0.001    -17.07 
   NaCO3-         1.613e-008  1.448e-008    -7.792    -7.839    -0.047     -3.12 
Ca           2.297e-003 
   Ca+2           2.179e-003  1.413e-003    -2.662    -2.850    -0.188    -18.32 
   CaHCO3+        5.776e-005  5.194e-005    -4.238    -4.285    -0.046      8.81 
   CaSO4          5.490e-005  5.506e-005    -4.260    -4.259     0.001      6.62 
   CaCO3          4.876e-006  4.891e-006    -5.312    -5.311     0.001    -14.67 
   CaHPO4         2.789e-007  2.798e-007    -6.555    -6.553     0.001     (0)   
   CaH2PO4+       1.290e-008  1.158e-008    -7.889    -7.936    -0.047     (0)   
   CaPO4-         1.034e-008  9.282e-009    -7.985    -8.032    -0.047     (0)   
   CaOH+          5.232e-009  4.677e-009    -8.281    -8.330    -0.049     (0)   
   CaHSO4+        1.639e-011  1.465e-011   -10.786   -10.834    -0.049     (0)   
Cl           1.891e-003 
   Cl-            1.891e-003  1.687e-003    -2.723    -2.773    -0.049     17.24 
F            2.107e-005 
   F-             1.998e-005  1.781e-005    -4.699    -4.749    -0.050     -1.55 
   MgF+           1.069e-006  9.568e-007    -5.971    -6.019    -0.048    -10.59 
   NaF            1.391e-008  1.395e-008    -7.857    -7.856     0.001      6.39 
   HF             9.844e-010  9.873e-010    -9.007    -9.006     0.001     11.44 
   HF2-           6.323e-014  5.652e-014   -13.199   -13.248    -0.049     20.90 
   SiF6-2         1.456e-031  9.398e-032   -30.837   -31.027    -0.190     41.07 
H(0)         4.272e-026 
   H2             2.136e-026  2.142e-026   -25.670   -25.669     0.001     28.63 
K            7.932e-005 
   K+             7.922e-005  7.065e-005    -4.101    -4.151    -0.050      8.31 
   KSO4-          1.007e-007  9.033e-008    -6.997    -7.044    -0.047     (0)   
   KHPO4-         7.862e-011  7.056e-011   -10.104   -10.151    -0.047     (0)   
Mg           1.852e-003 
   Mg+2           1.746e-003  1.141e-003    -2.758    -2.943    -0.185    -20.92 
   MgHCO3+        6.113e-005  5.460e-005    -4.214    -4.263    -0.049      4.81 
   MgSO4          4.154e-005  4.166e-005    -4.382    -4.380     0.001      4.95 
   MgCO3          2.125e-006  2.131e-006    -5.673    -5.671     0.001    -17.07 
   MgF+           1.069e-006  9.568e-007    -5.971    -6.019    -0.048    -10.59 
   MgHPO4         3.045e-007  3.054e-007    -6.516    -6.515     0.001     (0)   
   MgOH+          1.694e-008  1.526e-008    -7.771    -7.816    -0.045     (0)   
   MgH2PO4+       1.327e-008  1.191e-008    -7.877    -7.924    -0.047     (0)   
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   MgPO4-         1.127e-008  1.011e-008    -7.948    -7.995    -0.047     (0)   
N(5)         1.643e-004 
   NO3-           1.643e-004  1.462e-004    -3.784    -3.835    -0.051     27.35 
Na           1.536e-003 
   Na+            1.519e-003  1.361e-003    -2.818    -2.866    -0.048     -2.51 
   NaHCO3         1.519e-005  1.523e-005    -4.818    -4.817     0.001     19.41 
   NaSO4-         1.702e-006  1.527e-006    -5.769    -5.816    -0.047     18.10 
   NaCO3-         1.613e-008  1.448e-008    -7.792    -7.839    -0.047     -3.12 
   NaF            1.391e-008  1.395e-008    -7.857    -7.856     0.001      6.39 
   NaHPO4-        1.514e-009  1.359e-009    -8.820    -8.867    -0.047     (0)   
   NaOH           6.298e-021  6.317e-021   -20.201   -20.200     0.001     (0)   
O(0)         7.317e-004 
   O2             3.658e-004  3.669e-004    -3.437    -3.435     0.001     28.62 
P            1.938e-006 
   HPO4-2         7.938e-007  5.122e-007    -6.100    -6.291    -0.190      5.29 
   H2PO4-         5.116e-007  4.591e-007    -6.291    -6.338    -0.047     29.76 
   MgHPO4         3.045e-007  3.054e-007    -6.516    -6.515     0.001     (0)   
   CaHPO4         2.789e-007  2.798e-007    -6.555    -6.553     0.001     (0)   
   MgH2PO4+       1.327e-008  1.191e-008    -7.877    -7.924    -0.047     (0)   
   CaH2PO4+       1.290e-008  1.158e-008    -7.889    -7.936    -0.047     (0)   
   MgPO4-         1.127e-008  1.011e-008    -7.948    -7.995    -0.047     (0)   
   CaPO4-         1.034e-008  9.282e-009    -7.985    -8.032    -0.047     (0)   
   NaHPO4-        1.514e-009  1.359e-009    -8.820    -8.867    -0.047     (0)   
   KHPO4-         7.862e-011  7.056e-011   -10.104   -10.151    -0.047     (0)   
   PO4-3          8.770e-012  3.170e-012   -11.057   -11.499    -0.442    -28.70 
S(6)         4.895e-004 
   SO4-2          3.913e-004  2.522e-004    -3.408    -3.598    -0.191     10.95 
   CaSO4          5.490e-005  5.506e-005    -4.260    -4.259     0.001      6.62 
   MgSO4          4.154e-005  4.166e-005    -4.382    -4.380     0.001      4.95 
   NaSO4-         1.702e-006  1.527e-006    -5.769    -5.816    -0.047     18.10 
   KSO4-          1.007e-007  9.033e-008    -6.997    -7.044    -0.047     (0)   
   HSO4-          9.647e-010  8.624e-010    -9.016    -9.064    -0.049     38.62 
   CaHSO4+        1.639e-011  1.465e-011   -10.786   -10.834    -0.049     (0)   
Si           5.495e-005 
   H4SiO4         5.486e-005  5.503e-005    -4.261    -4.259     0.001     54.03 
   H3SiO4-        9.099e-008  8.127e-008    -7.041    -7.090    -0.049     27.29 
   H2SiO4-2       4.757e-014  3.086e-014   -13.323   -13.511    -0.188     (0)   




 Phase               SI   log IAP   log K(280 K,   1 atm) 
 
 Anhydrite        -2.35     -6.45   -4.10  CaSO4 
 Aragonite        -0.20     -8.44   -8.24  CaCO3 
 Calcite          -0.04     -8.44   -8.40  CaCO3 
 Chalcedony       -0.49     -4.26   -3.77  SiO2 
 Chrysotile       -8.06     26.45   34.51  Mg3Si2O5(OH)4 
 CO2(g)           -1.95     -3.18   -1.23  CO2 
 Dolomite         -0.32    -16.97  -16.66  CaMg(CO3)2 
 Fluorite         -1.51    -12.35  -10.84  CaF2 
 Gypsum           -1.85     -6.45   -4.60  CaSO4:2H2O 
 H2(g)           -22.62    -25.67   -3.04  H2 
 H2O(g)           -1.99     -0.00    1.99  H2O 
 Halite           -7.17     -5.64    1.53  NaCl 
 Hydroxyapatite   -2.16     -3.92   -1.76  Ca5(PO4)3OH 
 O2(g)            -0.70     -3.44   -2.74  O2 
 Quartz           -0.00     -4.26   -4.26  SiO2 
 Sepiolite        -5.72     10.54   16.25  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -8.12     10.54   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.39     -4.26   -2.87  SiO2 
 Sylvite          -7.63     -6.92    0.71  KCl 













 rem "Site 15" 
 SOLUTION_SPREAD 
     units    mg/l 
  Alkalinity   Ca   F  K  Mg  N(5)  N(-3)  O(0)    P   pH  
S(6)    Si  Temperature  Cl   Br  Number  Description    Na 
         285  107  .4  2  44     1    .05   7.1  .06  7.2    
29  11.5         10.1  47  .09      15          Nov  20.1 
 USER_GRAPH 
     -initial_solutions      true 
 START 
         -headings 15 
 10 PLOT_XY LA("H4SiO4"),(LA("Ca+2")-2*LA("H+")), color = green, line_w = 2,   
 symbol = Circle, symbol_size = 10  
  -end  
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Alkalinity       5.698e-003  5.698e-003 
 Br               1.127e-006  1.127e-006 
 Ca               2.671e-003  2.671e-003 
 Cl               1.326e-003  1.326e-003 
 F                2.107e-005  2.107e-005 
 K                5.118e-005  5.118e-005 
 Mg               1.811e-003  1.811e-003 
 N(-3)            3.572e-006  3.572e-006 
 N(5)             7.143e-005  7.143e-005 
 Na               8.748e-004  8.748e-004 
 O(0)             4.440e-004  4.440e-004 
 P                1.938e-006  1.938e-006 
 S(6)             3.020e-004  3.020e-004 
 Si               1.915e-004  1.915e-004 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.200     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 10 oC) = 556 
                          Density (g/cm3)  =   1.00024 
                               Volume (L)  =   1.00078 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.299e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  6.586e-003 
                       Total CO2 (mol/kg)  =  6.586e-003 
                      Temperature (deg C)  =  10.10 
                  Electrical balance (eq)  =  2.169e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =  12.77 
                               Iterations  =   8 
                                  Total H  = 1.110189e+002 




 Redox couple             pe  Eh (volts) 
 
 N(-3)/N(5)           6.9492      0.3905 
 O(-2)/O(0)          14.7063      0.8265 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
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   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             6.959e-008  6.310e-008    -7.157    -7.200    -0.043      0.00 
   OH-            5.279e-008  4.703e-008    -7.277    -7.328    -0.050     -4.92 
   H2O            5.551e+001  9.998e-001     1.744    -0.000     0.000     18.02 
Br           1.127e-006 
   Br-            1.127e-006  1.002e-006    -5.948    -5.999    -0.051     23.99 
C(4)         6.586e-003 
   HCO3-          5.509e-003  4.941e-003    -2.259    -2.306    -0.047     23.10 
   CO2            9.016e-004  9.043e-004    -3.045    -3.044     0.001     35.27 
   CaHCO3+        8.421e-005  7.567e-005    -4.075    -4.121    -0.046      8.99 
   MgHCO3+        6.931e-005  6.186e-005    -4.159    -4.209    -0.049      4.96 
   NaHCO3         9.917e-006  9.947e-006    -5.004    -5.002     0.001     19.41 
   CaCO3          5.723e-006  5.740e-006    -5.242    -5.241     0.001    -14.66 
   CO3-2          3.947e-006  2.554e-006    -5.404    -5.593    -0.189     -6.62 
   MgCO3          2.156e-006  2.163e-006    -5.666    -5.665     0.001    -17.07 
   NaCO3-         9.245e-009  8.292e-009    -8.034    -8.081    -0.047     -2.58 
Ca           2.671e-003 
   Ca+2           2.542e-003  1.644e-003    -2.595    -2.784    -0.189    -18.22 
   CaHCO3+        8.421e-005  7.567e-005    -4.075    -4.121    -0.046      8.99 
   CaSO4          3.926e-005  3.938e-005    -4.406    -4.405     0.001      6.79 
   CaCO3          5.723e-006  5.740e-006    -5.242    -5.241     0.001    -14.66 
   CaHPO4         3.101e-007  3.110e-007    -6.509    -6.507     0.001     (0)   
   CaH2PO4+       1.780e-008  1.596e-008    -7.750    -7.797    -0.047     (0)   
   CaPO4-         9.674e-009  8.677e-009    -8.014    -8.062    -0.047     (0)   
   CaOH+          4.839e-009  4.322e-009    -8.315    -8.364    -0.049     (0)   
   CaHSO4+        1.518e-011  1.356e-011   -10.819   -10.868    -0.049     (0)   
Cl           1.326e-003 
   Cl-            1.326e-003  1.183e-003    -2.877    -2.927    -0.050     17.44 
F            2.107e-005 
   F-             1.995e-005  1.778e-005    -4.700    -4.750    -0.050     -1.47 
   MgF+           1.103e-006  9.862e-007    -5.957    -6.006    -0.049    -10.56 
   NaF            7.888e-009  7.911e-009    -8.103    -8.102     0.001      6.56 
   HF             1.294e-009  1.297e-009    -8.888    -8.887     0.001     11.64 
   HF2-           8.574e-014  7.659e-014   -13.067   -13.116    -0.049     21.16 
   SiF6-2         9.561e-031  6.153e-031   -30.020   -30.211    -0.191     41.46 
H(0)         6.570e-026 
   H2             3.285e-026  3.295e-026   -25.483   -25.482     0.001     28.63 
K            5.118e-005 
   K+             5.114e-005  4.557e-005    -4.291    -4.341    -0.050      8.46 
   KSO4-          4.115e-008  3.691e-008    -7.386    -7.433    -0.047     (0)   
   KHPO4-         4.583e-011  4.110e-011   -10.339   -10.386    -0.047     (0)   
Mg           1.811e-003 
   Mg+2           1.712e-003  1.116e-003    -2.767    -2.952    -0.186    -21.03 
   MgHCO3+        6.931e-005  6.186e-005    -4.159    -4.209    -0.049      4.96 
   MgSO4          2.638e-005  2.646e-005    -4.579    -4.577     0.001      5.12 
   MgCO3          2.156e-006  2.163e-006    -5.666    -5.665     0.001    -17.07 
   MgF+           1.103e-006  9.862e-007    -5.957    -6.006    -0.049    -10.56 
   MgHPO4         2.845e-007  2.854e-007    -6.546    -6.545     0.001     (0)   
   MgOH+          1.730e-008  1.557e-008    -7.762    -7.808    -0.046     (0)   
   MgH2PO4+       1.538e-008  1.380e-008    -7.813    -7.860    -0.047     (0)   
   MgPO4-         8.857e-009  7.944e-009    -8.053    -8.100    -0.047     (0)   
N(-3)        3.572e-006 
   NH4+           3.555e-006  3.155e-006    -5.449    -5.501    -0.052     17.36 
   NH3            9.362e-009  9.390e-009    -8.029    -8.027     0.001     24.06 
   NH4SO4-        6.895e-009  6.159e-009    -8.161    -8.210    -0.049     (0)   
N(5)         7.143e-005 
   NO3-           7.143e-005  6.351e-005    -4.146    -4.197    -0.051     27.80 
Na           8.748e-004 
   Na+            8.643e-004  7.735e-004    -3.063    -3.112    -0.048     -2.28 
   NaHCO3         9.917e-006  9.947e-006    -5.004    -5.002     0.001     19.41 
   NaSO4-         5.930e-007  5.318e-007    -6.227    -6.274    -0.047     18.26 
   NaCO3-         9.245e-009  8.292e-009    -8.034    -8.081    -0.047     -2.58 
   NaF            7.888e-009  7.911e-009    -8.103    -8.102     0.001      6.56 
   NaHPO4-        7.778e-010  6.976e-010    -9.109    -9.156    -0.047     (0)   
   NaOH           3.626e-021  3.637e-021   -20.441   -20.439     0.001     (0)   
O(0)         4.440e-004 
   O2             2.220e-004  2.227e-004    -3.654    -3.652     0.001     28.96 
P            1.938e-006 
   HPO4-2         7.188e-007  4.626e-007    -6.143    -6.335    -0.191      5.41 
   H2PO4-         5.723e-007  5.133e-007    -6.242    -6.290    -0.047     30.09 
230 
 
   CaHPO4         3.101e-007  3.110e-007    -6.509    -6.507     0.001     (0)   
   MgHPO4         2.845e-007  2.854e-007    -6.546    -6.545     0.001     (0)   
   CaH2PO4+       1.780e-008  1.596e-008    -7.750    -7.797    -0.047     (0)   
   MgH2PO4+       1.538e-008  1.380e-008    -7.813    -7.860    -0.047     (0)   
   CaPO4-         9.674e-009  8.677e-009    -8.014    -8.062    -0.047     (0)   
   MgPO4-         8.857e-009  7.944e-009    -8.053    -8.100    -0.047     (0)   
   NaHPO4-        7.778e-010  6.976e-010    -9.109    -9.156    -0.047     (0)   
   KHPO4-         4.583e-011  4.110e-011   -10.339   -10.386    -0.047     (0)   
   PO4-3          6.725e-012  2.416e-012   -11.172   -11.617    -0.445    -28.86 
S(6)         3.020e-004 
   SO4-2          2.358e-004  1.515e-004    -3.628    -3.819    -0.192     11.67 
   CaSO4          3.926e-005  3.938e-005    -4.406    -4.405     0.001      6.79 
   MgSO4          2.638e-005  2.646e-005    -4.579    -4.577     0.001      5.12 
   NaSO4-         5.930e-007  5.318e-007    -6.227    -6.274    -0.047     18.26 
   KSO4-          4.115e-008  3.691e-008    -7.386    -7.433    -0.047     (0)   
   NH4SO4-        6.895e-009  6.159e-009    -8.161    -8.210    -0.049     (0)   
   HSO4-          7.679e-010  6.860e-010    -9.115    -9.164    -0.049     38.97 
   CaHSO4+        1.518e-011  1.356e-011   -10.819   -10.868    -0.049     (0)   
Si           1.915e-004 
   H4SiO4         1.912e-004  1.918e-004    -3.718    -3.717     0.001     53.65 
   H3SiO4-        2.833e-007  2.528e-007    -6.548    -6.597    -0.049     27.46 
   H2SiO4-2       1.458e-013  9.435e-014   -12.836   -13.025    -0.189     (0)   




 Phase               SI   log IAP   log K(283 K,   1 atm) 
 
 Anhydrite        -2.48     -6.60   -4.12  CaSO4 
 Aragonite        -0.12     -8.38   -8.26  CaCO3 
 Calcite           0.03     -8.38   -8.41  CaCO3 
 Chalcedony        0.02     -3.72   -3.73  SiO2 
 Chrysotile       -7.23     26.91   34.14  Mg3Si2O5(OH)4 
 CO2(g)           -1.77     -3.04   -1.27  CO2 
 Dolomite         -0.20    -16.92  -16.73  CaMg(CO3)2 
 Fluorite         -1.49    -12.28  -10.80  CaF2 
 Gypsum           -2.01     -6.60   -4.59  CaSO4:2H2O 
 H2(g)           -22.43    -25.48   -3.06  H2 
 H2O(g)           -1.91     -0.00    1.91  H2O 
 Halite           -7.58     -6.04    1.54  NaCl 
 Hydroxyapatite   -2.10     -4.13   -2.03  Ca5(PO4)3OH 
 NH3(g)          -10.15     -8.03    2.13  NH3 
 O2(g)            -0.89     -3.65   -2.77  O2 
 Quartz            0.49     -3.72   -4.21  SiO2 
 Sepiolite        -4.43     11.74   16.17  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -6.92     11.74   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -0.88     -3.72   -2.84  SiO2 
 Sylvite          -8.01     -7.27    0.74  KCl 




89e-008    -7.700    -7.747    -0.047     -3.03 
   NaF            9.417e-009  9.445e-009    -8.026    -8.025     0.001      6.41 
   NaHPO4-        1.103e-009  9.891e-010    -8.957    -9.005    -0.047     (0)   
   NaOH           7.026e-021  7.047e-021   -20.153   -20.152     0.001     (0)   
O(0)         7.254e-004 
   O2             3.627e-004  3.638e-004    -3.440    -3.439     0.001     28.67 
P            1.938e-006 
   HPO4-2         8.540e-007  5.493e-007    -6.069    -6.260    -0.192      5.31 
   H2PO4-         3.456e-007  3.099e-007    -6.461    -6.509    -0.047     29.82 
   CaHPO4         3.413e-007  3.423e-007    -6.467    -6.466     0.001     (0)   
   MgHPO4         3.368e-007  3.378e-007    -6.473    -6.471     0.001     (0)   
   CaPO4-         2.025e-008  1.815e-008    -7.694    -7.741    -0.047     (0)   
   MgPO4-         1.993e-008  1.787e-008    -7.700    -7.748    -0.047     (0)   
   CaH2PO4+       9.947e-009  8.920e-009    -8.002    -8.050    -0.047     (0)   
   MgH2PO4+       9.245e-009  8.291e-009    -8.034    -8.081    -0.047     (0)   
   NaHPO4-        1.103e-009  9.891e-010    -8.957    -9.005    -0.047     (0)   
   KHPO4-         5.442e-011  4.880e-011   -10.264   -10.312    -0.047     (0)   
   PO4-3          1.516e-011  5.437e-012   -10.819   -11.265    -0.445    -28.72 
S(6)         3.021e-004 
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   SO4-2          2.376e-004  1.526e-004    -3.624    -3.816    -0.192     11.07 
   CaSO4          3.772e-005  3.783e-005    -4.423    -4.422     0.001      6.65 
   MgSO4          2.600e-005  2.608e-005    -4.585    -4.584     0.001      4.98 
   NaSO4-         7.017e-007  6.292e-007    -6.154    -6.201    -0.047     18.13 
   KSO4-          3.963e-008  3.554e-008    -7.402    -7.449    -0.047     (0)   
   HSO4-          3.714e-010  3.317e-010    -9.430    -9.479    -0.049     38.67 
   CaHSO4+        7.138e-012  6.375e-012   -11.146   -11.196    -0.049     (0)   
Si           1.332e-004 
   H4SiO4         1.329e-004  1.333e-004    -3.877    -3.875     0.001     53.97 
   H3SiO4-        3.558e-007  3.175e-007    -6.449    -6.498    -0.049     27.32 
   H2SiO4-2       3.051e-013  1.973e-013   -12.516   -12.705    -0.189     (0)   




 Phase               SI   log IAP   log K(280 K,   1 atm) 
 
 Anhydrite        -2.51     -6.61   -4.10  CaSO4 
 Aragonite         0.12     -8.13   -8.25  CaCO3 
 Calcite           0.28     -8.13   -8.40  CaCO3 
 Chalcedony       -0.11     -3.88   -3.76  SiO2 
 Chrysotile       -6.01     28.45   34.46  Mg3Si2O5(OH)4 
 CO2(g)           -2.09     -3.33   -1.24  CO2 
 Dolomite          0.27    -16.39  -16.67  CaMg(CO3)2 
 Fluorite         -1.47    -12.30  -10.83  CaF2 
 Gypsum           -2.02     -6.61   -4.60  CaSO4:2H2O 
 H2(g)           -23.02    -26.07   -3.05  H2 
 H2O(g)           -1.97     -0.00    1.97  H2O 
 Halite           -7.43     -5.90    1.53  NaCl 
 Hydroxyapatite   -0.96     -2.76   -1.80  Ca5(PO4)3OH 
 O2(g)            -0.70     -3.44   -2.74  O2 
 Quartz            0.37     -3.88   -4.25  SiO2 
 Sepiolite        -3.73     12.51   16.24  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -6.15     12.51   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.01     -3.88   -2.86  SiO2 
 Sylvite          -7.92     -7.21    0.71  KCl 








Reading input data for simulation 22. 
------------------------------------- 
 
 rem "Site 17" 
 SOLUTION_SPREAD 
     units    mg/l 
  Alkalinity  Ca   F  K  Mg  N(5)  N(-3)  O(0)    P   pH  
S(6)   Si  Temperature  Cl  Br  Number  Description    Na 
         147  58  .4  3  22     0    .06   4.7  .06  6.7    
19  4.6         10.8  81  .1      17          Nov  45.7 
 USER_GRAPH 
     -initial_solutions      true 
 START 
         -headings 17 
 10 PLOT_XY LA("H4SiO4"),(LA("Ca+2")-2*LA("H+")), color = brown, line_w = 2,   
 symbol = XCross, symbol_size = 8  
  -end  
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 








 Alkalinity       2.938e-003  2.938e-003 
 Br               1.252e-006  1.252e-006 
 Ca               1.448e-003  1.448e-003 
 Cl               2.286e-003  2.286e-003 
 F                2.106e-005  2.106e-005 
 K                7.675e-005  7.675e-005 
 Mg               9.053e-004  9.053e-004 
 N(-3)            4.285e-006  4.285e-006 
 Na               1.989e-003  1.989e-003 
 O(0)             2.939e-004  2.939e-004 
 P                1.938e-006  1.938e-006 
 S(6)             1.979e-004  1.979e-004 
 Si               7.659e-005  7.659e-005 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   6.700     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 10 oC) = 441 
                          Density (g/cm3)  =   0.99999 
                               Volume (L)  =   1.00073 
                        Activity of water  =   1.000 
                           Ionic strength  =  8.534e-003 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  4.430e-003 
                       Total CO2 (mol/kg)  =  4.430e-003 
                      Temperature (deg C)  =  10.80 
                  Electrical balance (eq)  =  1.131e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =   9.29 
                               Iterations  =   8 
                                  Total H  = 1.110157e+002 




 Redox couple             pe  Eh (volts) 
 
 O(-2)/O(0)          15.0972      0.8506 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             2.169e-007  1.995e-007    -6.664    -6.700    -0.036      0.00 
   OH-            1.741e-008  1.582e-008    -7.759    -7.801    -0.042     -4.89 
   H2O            5.551e+001  9.998e-001     1.744    -0.000     0.000     18.02 
Br           1.252e-006 
   Br-            1.252e-006  1.136e-006    -5.902    -5.945    -0.042     24.03 
C(4)         4.430e-003 
   HCO3-          2.877e-003  2.626e-003    -2.541    -2.581    -0.040     23.16 
   CO2            1.493e-003  1.496e-003    -2.826    -2.825     0.001     34.98 
   CaHCO3+        2.656e-005  2.428e-005    -4.576    -4.615    -0.039      9.02 
   MgHCO3+        1.975e-005  1.797e-005    -4.704    -4.745    -0.041      4.99 
   NaHCO3         1.226e-005  1.228e-005    -4.912    -4.911     0.001     19.41 
   CO3-2          6.306e-007  4.379e-007    -6.200    -6.359    -0.158     -6.53 
   CaCO3          5.844e-007  5.856e-007    -6.233    -6.232     0.001    -14.65 
   MgCO3          2.043e-007  2.047e-007    -6.690    -6.689     0.001    -17.07 
   NaCO3-         3.636e-009  3.319e-009    -8.439    -8.479    -0.040     -2.48 
Ca           1.448e-003 
   Ca+2           1.402e-003  9.733e-004    -2.853    -3.012    -0.159    -18.25 
   CaHCO3+        2.656e-005  2.428e-005    -4.576    -4.615    -0.039      9.02 
   CaSO4          1.789e-005  1.793e-005    -4.747    -4.746     0.001      6.83 
   CaCO3          5.844e-007  5.856e-007    -6.233    -6.232     0.001    -14.65 
   CaHPO4         1.269e-007  1.271e-007    -6.897    -6.896     0.001     (0)   
   CaH2PO4+       2.251e-008  2.055e-008    -7.648    -7.687    -0.040     (0)   
   CaPO4-         1.247e-009  1.138e-009    -8.904    -8.944    -0.040     (0)   
   CaOH+          8.893e-010  8.094e-010    -9.051    -9.092    -0.041     (0)   
   CaHSO4+        2.160e-011  1.966e-011   -10.665   -10.706    -0.041     (0)   
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Cl           2.286e-003 
   Cl-            2.286e-003  2.078e-003    -2.641    -2.682    -0.041     17.47 
F            2.106e-005 
   F-             2.041e-005  1.855e-005    -4.690    -4.732    -0.042     -1.48 
   MgF+           6.257e-007  5.699e-007    -6.204    -6.244    -0.041    -10.57 
   NaF            1.917e-008  1.921e-008    -7.717    -7.716     0.001      6.60 
   HF             4.323e-009  4.332e-009    -8.364    -8.363     0.001     11.69 
   HF2-           2.955e-013  2.690e-013   -12.529   -12.570    -0.041     21.21 
   SiF6-2         4.274e-029  2.956e-029   -28.369   -28.529    -0.160     41.48 
H(0)         6.526e-025 
   H2             3.263e-025  3.269e-025   -24.486   -24.486     0.001     28.62 
K            7.675e-005 
   K+             7.670e-005  6.971e-005    -4.115    -4.157    -0.042      8.48 
   KSO4-          4.792e-008  4.375e-008    -7.319    -7.359    -0.040     (0)   
   KHPO4-         4.686e-011  4.278e-011   -10.329   -10.369    -0.040     (0)   
Mg           9.053e-004 
   Mg+2           8.733e-004  6.094e-004    -3.059    -3.215    -0.156    -21.11 
   MgHCO3+        1.975e-005  1.797e-005    -4.704    -4.745    -0.041      4.99 
   MgSO4          1.125e-005  1.127e-005    -4.949    -4.948     0.001      5.17 
   MgF+           6.257e-007  5.699e-007    -6.204    -6.244    -0.041    -10.57 
   MgCO3          2.043e-007  2.047e-007    -6.690    -6.689     0.001    -17.07 
   MgHPO4         1.074e-007  1.076e-007    -6.969    -6.968     0.001     (0)   
   MgH2PO4+       1.795e-008  1.639e-008    -7.746    -7.786    -0.040     (0)   
   MgOH+          3.152e-009  2.884e-009    -8.501    -8.540    -0.039     (0)   
   MgPO4-         1.053e-009  9.611e-010    -8.978    -9.017    -0.040     (0)   
N(-3)        4.285e-006 
   NH4+           4.275e-006  3.874e-006    -5.369    -5.412    -0.043     17.39 
   NH4SO4-        6.352e-009  5.782e-009    -8.197    -8.238    -0.041     (0)   
   NH3            3.844e-009  3.852e-009    -8.415    -8.414     0.001     24.08 
Na           1.989e-003 
   Na+            1.975e-003  1.800e-003    -2.704    -2.745    -0.040     -2.24 
   NaHCO3         1.226e-005  1.228e-005    -4.912    -4.911     0.001     19.41 
   NaSO4-         1.042e-006  9.510e-007    -5.982    -6.022    -0.040     18.24 
   NaF            1.917e-008  1.921e-008    -7.717    -7.716     0.001      6.60 
   NaCO3-         3.636e-009  3.319e-009    -8.439    -8.479    -0.040     -2.48 
   NaHPO4-        1.210e-009  1.105e-009    -8.917    -8.957    -0.040     (0)   
   NaOH           2.843e-021  2.848e-021   -20.546   -20.545     0.001     (0)   
O(0)         2.939e-004 
   O2             1.469e-004  1.472e-004    -3.833    -3.832     0.001     29.04 
P            1.938e-006 
   H2PO4-         1.205e-006  1.100e-006    -5.919    -5.959    -0.040     30.15 
   HPO4-2         4.550e-007  3.147e-007    -6.342    -6.502    -0.160      5.37 
   CaHPO4         1.269e-007  1.271e-007    -6.897    -6.896     0.001     (0)   
   MgHPO4         1.074e-007  1.076e-007    -6.969    -6.968     0.001     (0)   
   CaH2PO4+       2.251e-008  2.055e-008    -7.648    -7.687    -0.040     (0)   
   MgH2PO4+       1.795e-008  1.639e-008    -7.746    -7.786    -0.040     (0)   
   CaPO4-         1.247e-009  1.138e-009    -8.904    -8.944    -0.040     (0)   
   NaHPO4-        1.210e-009  1.105e-009    -8.917    -8.957    -0.040     (0)   
   MgPO4-         1.053e-009  9.611e-010    -8.978    -9.017    -0.040     (0)   
   KHPO4-         4.686e-011  4.278e-011   -10.329   -10.369    -0.040     (0)   
   PO4-3          1.237e-012  5.279e-013   -11.908   -12.277    -0.370    -29.06 
S(6)         1.979e-004 
   SO4-2          1.676e-004  1.159e-004    -3.776    -3.936    -0.160     11.77 
   CaSO4          1.789e-005  1.793e-005    -4.747    -4.746     0.001      6.83 
   MgSO4          1.125e-005  1.127e-005    -4.949    -4.948     0.001      5.17 
   NaSO4-         1.042e-006  9.510e-007    -5.982    -6.022    -0.040     18.24 
   KSO4-          4.792e-008  4.375e-008    -7.319    -7.359    -0.040     (0)   
   NH4SO4-        6.352e-009  5.782e-009    -8.197    -8.238    -0.041     (0)   
   HSO4-          1.846e-009  1.681e-009    -8.734    -8.775    -0.041     39.04 
   CaHSO4+        2.160e-011  1.966e-011   -10.665   -10.706    -0.041     (0)   
Si           7.659e-005 
   H4SiO4         7.655e-005  7.670e-005    -4.116    -4.115     0.001     53.56 
   H3SiO4-        3.620e-008  3.293e-008    -7.441    -7.482    -0.041     27.48 
   H2SiO4-2       5.908e-015  4.102e-015   -14.229   -14.387    -0.158     (0)   




 Phase               SI   log IAP   log K(283 K,   1 atm) 
 
 Anhydrite        -2.82     -6.95   -4.13  CaSO4 
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 Aragonite        -1.11     -9.37   -8.26  CaCO3 
 Calcite          -0.96     -9.37   -8.41  CaCO3 
 Chalcedony       -0.39     -4.12   -3.72  SiO2 
 Chrysotile      -11.72     22.32   34.05  Mg3Si2O5(OH)4 
 CO2(g)           -1.54     -2.82   -1.28  CO2 
 Dolomite         -2.20    -18.94  -16.74  CaMg(CO3)2 
 Fluorite         -1.69    -12.48  -10.79  CaF2 
 Gypsum           -2.36     -6.95   -4.59  CaSO4:2H2O 
 H2(g)           -21.43    -24.49   -3.06  H2 
 H2O(g)           -1.89     -0.00    1.89  H2O 
 Halite           -6.97     -5.43    1.54  NaCl 
 Hydroxyapatite   -5.67     -7.77   -2.10  Ca5(PO4)3OH 
 NH3(g)          -10.52     -8.41    2.11  NH3 
 O2(g)            -1.06     -3.83   -2.77  O2 
 Quartz            0.08     -4.12   -4.20  SiO2 
 Sepiolite        -8.13      8.02   16.15  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)    -10.64      8.02   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.28     -4.12   -2.83  SiO2 
 Sylvite          -7.58     -6.84    0.75  KCl 








Reading input data for simulation 23. 
------------------------------------- 
 
 rem "Sites 19 & 20" 
 SOLUTION_SPREAD 
     units    mg/l 
  Alkalinity  Ca   F    K  Mg  N(5)  N(-3)  O(0)    P   pH  
S(6)   Si  Temperature   Cl   Br  Number  Description  Na 
         259  89  .6    6  43   3.8      0  11.4  .43  7.2    
47    6          8.8  133  .13      19          Nov  73 
         251  94  .5  5.2  45   3.2      0  11.9  .34  7.5    
47  4.2            8  136  .06      20          Nov  77 
 USER_GRAPH 
     -initial_solutions      true 
 START 
         -headings 19,20 
 10 PLOT_XY LA("H4SiO4"),(LA("Ca+2")-2*LA("H+")), color = brown, line_w = 0,   
 symbol = XCross, symbol_size = 13  
  -end  
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Alkalinity       5.179e-003  5.179e-003 
 Br               1.628e-006  1.628e-006 
 Ca               2.222e-003  2.222e-003 
 Cl               3.754e-003  3.754e-003 
 F                3.160e-005  3.160e-005 
 K                1.535e-004  1.535e-004 
 Mg               1.770e-003  1.770e-003 
 N(5)             2.715e-004  2.715e-004 
 Na               3.177e-003  3.177e-003 
 O(0)             7.130e-004  7.130e-004 
 P                1.389e-005  1.389e-005 
 S(6)             4.896e-004  4.896e-004 




----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.200     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 8 oC) = 698 
                          Density (g/cm3)  =   1.00042 
                               Volume (L)  =   1.00069 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.459e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  5.998e-003 
                       Total CO2 (mol/kg)  =  5.998e-003 
                      Temperature (deg C)  =   8.80 
                  Electrical balance (eq)  =  1.084e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =   5.21 
                               Iterations  =   8 
                                  Total H  = 1.110180e+002 




 Redox couple             pe  Eh (volts) 
 
 O(-2)/O(0)          14.8776      0.8323 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   H+             6.987e-008  6.310e-008    -7.156    -7.200    -0.044      0.00 
   OH-            4.727e-008  4.186e-008    -7.325    -7.378    -0.053     -5.04 
   H2O            5.551e+001  9.997e-001     1.744    -0.000     0.000     18.02 
Br           1.628e-006 
   Br-            1.628e-006  1.439e-006    -5.788    -5.842    -0.054     23.88 
C(4)         5.998e-003 
   HCO3-          4.998e-003  4.460e-003    -2.301    -2.351    -0.049     22.92 
   CO2            8.380e-004  8.409e-004    -3.077    -3.075     0.001     35.84 
   MgHCO3+        5.994e-005  5.319e-005    -4.222    -4.274    -0.052      4.90 
   CaHCO3+        5.970e-005  5.339e-005    -4.224    -4.273    -0.049      8.91 
   NaHCO3         3.246e-005  3.257e-005    -4.489    -4.487     0.001     19.41 
   CaCO3          4.003e-006  4.016e-006    -5.398    -5.396     0.001    -14.66 
   CO3-2          3.501e-006  2.219e-006    -5.456    -5.654    -0.198     -6.93 
   MgCO3          1.751e-006  1.757e-006    -5.757    -5.755     0.001    -17.07 
   NaCO3-         2.903e-008  2.590e-008    -7.537    -7.587    -0.049     -2.82 
Ca           2.222e-003 
   Ca+2           2.105e-003  1.334e-003    -2.677    -2.875    -0.198    -18.25 
   CaHCO3+        5.970e-005  5.339e-005    -4.224    -4.273    -0.049      8.91 
   CaSO4          5.161e-005  5.178e-005    -4.287    -4.286     0.001      6.71 
   CaCO3          4.003e-006  4.016e-006    -5.398    -5.396     0.001    -14.66 
   CaHPO4         1.818e-006  1.824e-006    -5.740    -5.739     0.001     (0)   
   CaH2PO4+       1.057e-007  9.432e-008    -6.976    -7.025    -0.049     (0)   
   CaPO4-         5.551e-008  4.953e-008    -7.256    -7.305    -0.049     (0)   
   CaOH+          3.947e-009  3.507e-009    -8.404    -8.455    -0.051     (0)   
   CaHSO4+        1.979e-011  1.759e-011   -10.703   -10.755    -0.051     (0)   
Cl           3.754e-003 
   Cl-            3.754e-003  3.328e-003    -2.426    -2.478    -0.052     17.35 
F            3.160e-005 
   F-             3.002e-005  2.658e-005    -4.523    -4.575    -0.053     -1.50 
   MgF+           1.541e-006  1.370e-006    -5.812    -5.863    -0.051    -10.57 
   NaF            4.264e-008  4.278e-008    -7.370    -7.369     0.001      6.48 
   HF             1.892e-009  1.899e-009    -8.723    -8.722     0.001     11.55 
   HF2-           1.858e-013  1.651e-013   -12.731   -12.782    -0.051     21.05 
   SiF6-2         6.519e-030  4.108e-030   -29.186   -29.386    -0.201     41.30 
H(0)         6.663e-026 
   H2             3.331e-026  3.343e-026   -25.477   -25.476     0.001     28.63 
K            1.535e-004 
   K+             1.534e-004  1.359e-004    -3.814    -3.867    -0.053      8.40 
   KSO4-          1.970e-007  1.758e-007    -6.705    -6.755    -0.049     (0)   
   KHPO4-         1.020e-009  9.104e-010    -8.991    -9.041    -0.049     (0)   
Mg           1.770e-003 
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   Mg+2           1.665e-003  1.064e-003    -2.779    -2.973    -0.194    -20.96 
   MgHCO3+        5.994e-005  5.319e-005    -4.222    -4.274    -0.052      4.90 
   MgSO4          3.970e-005  3.983e-005    -4.401    -4.400     0.001      5.04 
   MgHPO4         1.961e-006  1.968e-006    -5.707    -5.706     0.001     (0)   
   MgCO3          1.751e-006  1.757e-006    -5.757    -5.755     0.001    -17.07 
   MgF+           1.541e-006  1.370e-006    -5.812    -5.863    -0.051    -10.57 
   MgH2PO4+       1.074e-007  9.583e-008    -6.969    -7.018    -0.049     (0)   
   MgPO4-         5.974e-008  5.331e-008    -7.224    -7.273    -0.049     (0)   
   MgOH+          1.455e-008  1.303e-008    -7.837    -7.885    -0.048     (0)   
N(5)         2.715e-004 
   NO3-           2.715e-004  2.399e-004    -3.566    -3.620    -0.054     27.60 
Na           3.177e-003 
   Na+            3.141e-003  2.796e-003    -2.503    -2.553    -0.051     -2.38 
   NaHCO3         3.246e-005  3.257e-005    -4.489    -4.487     0.001     19.41 
   NaSO4-         3.499e-006  3.122e-006    -5.456    -5.506    -0.049     18.21 
   NaF            4.264e-008  4.278e-008    -7.370    -7.369     0.001      6.48 
   NaCO3-         2.903e-008  2.590e-008    -7.537    -7.587    -0.049     -2.82 
   NaHPO4-        2.100e-008  1.874e-008    -7.678    -7.727    -0.049     (0)   
   NaOH           1.167e-020  1.171e-020   -19.933   -19.932     0.001     (0)   
O(0)         7.130e-004 
   O2             3.565e-004  3.577e-004    -3.448    -3.446     0.001     28.80 
P            1.389e-005 
   HPO4-2         5.454e-006  3.436e-006    -5.263    -5.464    -0.201      5.38 
   H2PO4-         4.308e-006  3.844e-006    -5.366    -5.415    -0.049     29.94 
   MgHPO4         1.961e-006  1.968e-006    -5.707    -5.706     0.001     (0)   
   CaHPO4         1.818e-006  1.824e-006    -5.740    -5.739     0.001     (0)   
   MgH2PO4+       1.074e-007  9.583e-008    -6.969    -7.018    -0.049     (0)   
   CaH2PO4+       1.057e-007  9.432e-008    -6.976    -7.025    -0.049     (0)   
   MgPO4-         5.974e-008  5.331e-008    -7.224    -7.273    -0.049     (0)   
   CaPO4-         5.551e-008  4.953e-008    -7.256    -7.305    -0.049     (0)   
   NaHPO4-        2.100e-008  1.874e-008    -7.678    -7.727    -0.049     (0)   
   KHPO4-         1.020e-009  9.104e-010    -8.991    -9.041    -0.049     (0)   
   PO4-3          5.107e-011  1.744e-011   -10.292   -10.759    -0.467    -28.73 
S(6)         4.896e-004 
   SO4-2          3.946e-004  2.483e-004    -3.404    -3.605    -0.201     11.36 
   CaSO4          5.161e-005  5.178e-005    -4.287    -4.286     0.001      6.71 
   MgSO4          3.970e-005  3.983e-005    -4.401    -4.400     0.001      5.04 
   NaSO4-         3.499e-006  3.122e-006    -5.456    -5.506    -0.049     18.21 
   KSO4-          1.970e-007  1.758e-007    -6.705    -6.755    -0.049     (0)   
   HSO4-          1.235e-009  1.097e-009    -8.908    -8.960    -0.051     38.81 
   CaHSO4+        1.979e-011  1.759e-011   -10.703   -10.755    -0.051     (0)   
Si           9.993e-005 
   H4SiO4         9.979e-005  1.001e-004    -4.001    -3.999     0.001     53.83 
   H3SiO4-        1.407e-007  1.248e-007    -6.852    -6.904    -0.052     27.39 
   H2SiO4-2       6.640e-014  4.209e-014   -13.178   -13.376    -0.198     (0)   




 Phase               SI   log IAP   log K(281 K,   1 atm) 
 
 Anhydrite        -2.37     -6.48   -4.11  CaSO4 
 Aragonite        -0.28     -8.53   -8.25  CaCO3 
 Calcite          -0.12     -8.53   -8.41  CaCO3 
 Chalcedony       -0.25     -4.00   -3.75  SiO2 
 Chrysotile       -8.04     26.28   34.32  Mg3Si2O5(OH)4 
 CO2(g)           -1.82     -3.08   -1.25  CO2 
 Dolomite         -0.46    -17.16  -16.69  CaMg(CO3)2 
 Fluorite         -1.21    -12.03  -10.81  CaF2 
 Gypsum           -1.89     -6.48   -4.59  CaSO4:2H2O 
 H2(g)           -22.43    -25.48   -3.05  H2 
 H2O(g)           -1.95     -0.00    1.95  H2O 
 Halite           -6.57     -5.03    1.53  NaCl 
 Hydroxyapatite   -0.07     -1.97   -1.90  Ca5(PO4)3OH 
 O2(g)            -0.69     -3.45   -2.75  O2 
 Quartz            0.23     -4.00   -4.23  SiO2 
 Sepiolite        -5.36     10.86   16.21  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -7.80     10.86   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.15     -4.00   -2.85  SiO2 
 Sylvite          -7.07     -6.34    0.72  KCl 









 Elements           Molality       Moles 
 
 Alkalinity       5.019e-003  5.019e-003 
 Br               7.514e-007  7.514e-007 
 Ca               2.347e-003  2.347e-003 
 Cl               3.839e-003  3.839e-003 
 F                2.634e-005  2.634e-005 
 K                1.331e-004  1.331e-004 
 Mg               1.852e-003  1.852e-003 
 N(5)             2.286e-004  2.286e-004 
 Na               3.352e-003  3.352e-003 
 O(0)             7.443e-004  7.443e-004 
 P                1.098e-005  1.098e-005 
 S(6)             4.896e-004  4.896e-004 
 Si               6.995e-005  6.995e-005 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.500     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 8 oC) = 695 
                          Density (g/cm3)  =   1.00048 
                               Volume (L)  =   1.00058 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.499e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  5.404e-003 
                       Total CO2 (mol/kg)  =  5.404e-003 
                      Temperature (deg C)  =   8.00 
                  Electrical balance (eq)  =  1.779e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =   8.38 
                               Iterations  =   8 
                                  Total H  = 1.110177e+002 




 Redox couple             pe  Eh (volts) 
 
 O(-2)/O(0)          14.6566      0.8176 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   OH-            8.785e-008  7.770e-008    -7.056    -7.110    -0.053     -5.11 
   H+             3.505e-008  3.162e-008    -7.455    -7.500    -0.045      0.00 
   H2O            5.551e+001  9.997e-001     1.744    -0.000     0.000     18.02 
Br           7.514e-007 
   Br-            7.514e-007  6.631e-007    -6.124    -6.178    -0.054     23.80 
C(4)         5.404e-003 
   HCO3-          4.821e-003  4.297e-003    -2.317    -2.367    -0.050     22.79 
   CO2            4.123e-004  4.138e-004    -3.385    -3.383     0.001     36.20 
   MgHCO3+        6.031e-005  5.345e-005    -4.220    -4.272    -0.052      4.85 
   CaHCO3+        5.915e-005  5.283e-005    -4.228    -4.277    -0.049      8.86 
   NaHCO3         3.302e-005  3.314e-005    -4.481    -4.480     0.001     19.41 
   CaCO3          7.874e-006  7.901e-006    -5.104    -5.102     0.001    -14.67 
   CO3-2          6.600e-006  4.164e-006    -5.180    -5.380    -0.200     -7.14 
   MgCO3          3.386e-006  3.398e-006    -5.470    -5.469     0.001    -17.07 
   NaCO3-         5.727e-008  5.104e-008    -7.242    -7.292    -0.050     -2.98 
Ca           2.347e-003 
   Ca+2           2.225e-003  1.403e-003    -2.653    -2.853    -0.200    -18.28 
   CaHCO3+        5.915e-005  5.283e-005    -4.228    -4.277    -0.049      8.86 
   CaSO4          5.336e-005  5.355e-005    -4.273    -4.271     0.001      6.66 
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   CaCO3          7.874e-006  7.901e-006    -5.104    -5.102     0.001    -14.67 
   CaHPO4         1.734e-006  1.740e-006    -5.761    -5.759     0.001     (0)   
   CaPO4-         1.040e-007  9.269e-008    -6.983    -7.033    -0.050     (0)   
   CaH2PO4+       5.083e-008  4.530e-008    -7.294    -7.344    -0.050     (0)   
   CaOH+          8.295e-009  7.361e-009    -8.081    -8.133    -0.052     (0)   
   CaHSO4+        1.019e-011  9.041e-012   -10.992   -11.044    -0.052     (0)   
Cl           3.839e-003 
   Cl-            3.839e-003  3.399e-003    -2.416    -2.469    -0.053     17.29 
F            2.634e-005 
   F-             2.498e-005  2.209e-005    -4.602    -4.656    -0.053     -1.52 
   MgF+           1.317e-006  1.169e-006    -5.881    -5.932    -0.052    -10.58 
   NaF            3.734e-008  3.747e-008    -7.428    -7.426     0.001      6.43 
   HF             7.777e-010  7.804e-010    -9.109    -9.108     0.001     11.48 
   HF2-           6.292e-014  5.583e-014   -13.201   -13.253    -0.052     20.97 
   SiF6-2         1.034e-031  6.486e-032   -30.985   -31.188    -0.203     41.19 
H(0)         1.688e-026 
   H2             8.442e-027  8.471e-027   -26.074   -26.072     0.001     28.63 
K            1.331e-004 
   K+             1.329e-004  1.176e-004    -3.876    -3.930    -0.053      8.35 
   KSO4-          1.663e-007  1.482e-007    -6.779    -6.829    -0.050     (0)   
   KHPO4-         8.153e-010  7.266e-010    -9.089    -9.139    -0.050     (0)   
Mg           1.852e-003 
   Mg+2           1.745e-003  1.110e-003    -2.758    -2.955    -0.196    -20.92 
   MgHCO3+        6.031e-005  5.345e-005    -4.220    -4.272    -0.052      4.85 
   MgSO4          4.006e-005  4.020e-005    -4.397    -4.396     0.001      4.99 
   MgCO3          3.386e-006  3.398e-006    -5.470    -5.469     0.001    -17.07 
   MgHPO4         1.856e-006  1.862e-006    -5.731    -5.730     0.001     (0)   
   MgF+           1.317e-006  1.169e-006    -5.881    -5.932    -0.052    -10.58 
   MgPO4-         1.110e-007  9.896e-008    -6.955    -7.005    -0.050     (0)   
   MgH2PO4+       5.122e-008  4.565e-008    -7.291    -7.341    -0.050     (0)   
   MgOH+          2.796e-008  2.502e-008    -7.553    -7.602    -0.048     (0)   
N(5)         2.286e-004 
   NO3-           2.286e-004  2.018e-004    -3.641    -3.695    -0.054     27.46 
Na           3.352e-003 
   Na+            3.315e-003  2.947e-003    -2.480    -2.531    -0.051     -2.45 
   NaHCO3         3.302e-005  3.314e-005    -4.481    -4.480     0.001     19.41 
   NaSO4-         3.632e-006  3.237e-006    -5.440    -5.490    -0.050     18.17 
   NaCO3-         5.727e-008  5.104e-008    -7.242    -7.292    -0.050     -2.98 
   NaF            3.734e-008  3.747e-008    -7.428    -7.426     0.001      6.43 
   NaHPO4-        2.043e-008  1.821e-008    -7.690    -7.740    -0.050     (0)   
   NaOH           2.282e-020  2.290e-020   -19.642   -19.640     0.001     (0)   
O(0)         7.443e-004 
   O2             3.721e-004  3.734e-004    -3.429    -3.428     0.001     28.70 
P            1.098e-005 
   HPO4-2         5.053e-006  3.168e-006    -5.296    -5.499    -0.203      5.35 
   H2PO4-         2.003e-006  1.785e-006    -5.698    -5.748    -0.050     29.85 
   MgHPO4         1.856e-006  1.862e-006    -5.731    -5.730     0.001     (0)   
   CaHPO4         1.734e-006  1.740e-006    -5.761    -5.759     0.001     (0)   
   MgPO4-         1.110e-007  9.896e-008    -6.955    -7.005    -0.050     (0)   
   CaPO4-         1.040e-007  9.269e-008    -6.983    -7.033    -0.050     (0)   
   MgH2PO4+       5.122e-008  4.565e-008    -7.291    -7.341    -0.050     (0)   
   CaH2PO4+       5.083e-008  4.530e-008    -7.294    -7.344    -0.050     (0)   
   NaHPO4-        2.043e-008  1.821e-008    -7.690    -7.740    -0.050     (0)   
   KHPO4-         8.153e-010  7.266e-010    -9.089    -9.139    -0.050     (0)   
   PO4-3          9.335e-011  3.151e-011   -10.030   -10.502    -0.472    -28.67 
S(6)         4.896e-004 
   SO4-2          3.924e-004  2.457e-004    -3.406    -3.610    -0.203     11.15 
   CaSO4          5.336e-005  5.355e-005    -4.273    -4.271     0.001      6.66 
   MgSO4          4.006e-005  4.020e-005    -4.397    -4.396     0.001      4.99 
   NaSO4-         3.632e-006  3.237e-006    -5.440    -5.490    -0.050     18.17 
   KSO4-          1.663e-007  1.482e-007    -6.779    -6.829    -0.050     (0)   
   HSO4-          6.041e-010  5.360e-010    -9.219    -9.271    -0.052     38.71 
   CaHSO4+        1.019e-011  9.041e-012   -10.992   -11.044    -0.052     (0)   
Si           6.995e-005 
   H4SiO4         6.976e-005  7.000e-005    -4.156    -4.155     0.001     53.94 
   H3SiO4-        1.898e-007  1.682e-007    -6.722    -6.774    -0.052     27.34 
   H2SiO4-2       1.683e-013  1.062e-013   -12.774   -12.974    -0.200     (0)   






 Phase               SI   log IAP   log K(281 K,   1 atm) 
 
 Anhydrite        -2.36     -6.46   -4.10  CaSO4 
 Aragonite         0.01     -8.23   -8.25  CaCO3 
 Calcite           0.17     -8.23   -8.40  CaCO3 
 Chalcedony       -0.39     -4.15   -3.76  SiO2 
 Chrysotile       -6.60     27.83   34.43  Mg3Si2O5(OH)4 
 CO2(g)           -2.14     -3.38   -1.24  CO2 
 Dolomite          0.10    -16.57  -16.67  CaMg(CO3)2 
 Fluorite         -1.34    -12.16  -10.83  CaF2 
 Gypsum           -1.87     -6.46   -4.60  CaSO4:2H2O 
 H2(g)           -23.02    -26.07   -3.05  H2 
 H2O(g)           -1.97     -0.00    1.97  H2O 
 Halite           -6.53     -5.00    1.53  NaCl 
 Hydroxyapatite    1.06     -0.76   -1.82  Ca5(PO4)3OH 
 O2(g)            -0.68     -3.43   -2.75  O2 
 Quartz            0.09     -4.15   -4.25  SiO2 
 Sepiolite        -4.61     11.63   16.23  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -7.03     11.63   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.29     -4.15   -2.86  SiO2 
 Sylvite          -7.11     -6.40    0.71  KCl 








Reading input data for simulation 24. 
------------------------------------- 
 
 rem "Site 18" 
 SOLUTION_SPREAD 
     units    mg/l 
  Alkalinity  Ca   F    K  Mg  N(5)  N(-3)  O(0)     P   pH  
S(6)   Si  Temperature   Cl   Br  Number  Description    Na 
         217  82  .7  9.6  42   9.1      0  15.8  1.17  7.9    
60  8.3            8  159  .24      18          Nov  93.5 
 USER_GRAPH 
     -initial_solutions      true 
 START 
         -headings 18 
 10 PLOT_XY LA("H4SiO4"),(LA("Ca+2")-2*LA("H+")), color = brown, line_w = 1,   
 symbol = Plus, symbol_size = 8  
  -end  
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Alkalinity       4.339e-003  4.339e-003 
 Br               3.006e-006  3.006e-006 
 Ca               2.047e-003  2.047e-003 
 Cl               4.488e-003  4.488e-003 
 F                3.687e-005  3.687e-005 
 K                2.457e-004  2.457e-004 
 Mg               1.729e-003  1.729e-003 
 N(5)             6.501e-004  6.501e-004 
 Na               4.070e-003  4.070e-003 
 O(0)             9.882e-004  9.882e-004 
 P                3.780e-005  3.780e-005 
 S(6)             6.250e-004  6.250e-004 




----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.900     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 8 oC) = 735 
                          Density (g/cm3)  =   1.00049 
                               Volume (L)  =   1.00056 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.500e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  4.406e-003 
                       Total CO2 (mol/kg)  =  4.406e-003 
                      Temperature (deg C)  =   8.00 
                  Electrical balance (eq)  =  1.063e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =   4.87 
                               Iterations  =   8 
                                  Total H  = 1.110173e+002 




 Redox couple             pe  Eh (volts) 
 
 O(-2)/O(0)          14.2874      0.7970 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   OH-            2.207e-007  1.952e-007    -6.656    -6.710    -0.053     -5.11 
   H+             1.395e-008  1.259e-008    -7.855    -7.900    -0.045      0.00 
   H2O            5.551e+001  9.997e-001     1.744    -0.000     0.000     18.02 
Br           3.006e-006 
   Br-            3.006e-006  2.652e-006    -5.522    -5.576    -0.054     23.81 
C(4)         4.406e-003 
   HCO3-          4.105e-003  3.659e-003    -2.387    -2.437    -0.050     22.79 
   CO2            1.398e-004  1.403e-004    -3.855    -3.853     0.001     36.20 
   MgHCO3+        4.756e-005  4.216e-005    -4.323    -4.375    -0.052      4.85 
   CaHCO3+        4.352e-005  3.887e-005    -4.361    -4.410    -0.049      8.86 
   NaHCO3         3.418e-005  3.430e-005    -4.466    -4.465     0.001     19.41 
   CaCO3          1.455e-005  1.460e-005    -4.837    -4.836     0.001    -14.67 
   CO3-2          1.412e-005  8.906e-006    -4.850    -5.050    -0.200     -7.14 
   MgCO3          6.709e-006  6.732e-006    -5.173    -5.172     0.001    -17.07 
   NaCO3-         1.489e-007  1.327e-007    -6.827    -6.877    -0.050     -2.98 
Ca           2.047e-003 
   Ca+2           1.922e-003  1.212e-003    -2.716    -2.916    -0.200    -18.27 
   CaSO4          6.000e-005  6.021e-005    -4.222    -4.220     0.001      6.66 
   CaHCO3+        4.352e-005  3.887e-005    -4.361    -4.410    -0.049      8.86 
   CaCO3          1.455e-005  1.460e-005    -4.837    -4.836     0.001    -14.67 
   CaHPO4         5.891e-006  5.912e-006    -5.230    -5.228     0.001     (0)   
   CaPO4-         8.875e-007  7.909e-007    -6.052    -6.102    -0.050     (0)   
   CaH2PO4+       6.874e-008  6.126e-008    -7.163    -7.213    -0.050     (0)   
   CaOH+          1.800e-008  1.598e-008    -7.745    -7.797    -0.052     (0)   
   CaHSO4+        4.561e-012  4.047e-012   -11.341   -11.393    -0.052     (0)   
Cl           4.488e-003 
   Cl-            4.488e-003  3.974e-003    -2.348    -2.401    -0.053     17.29 
F            3.687e-005 
   F-             3.509e-005  3.104e-005    -4.455    -4.508    -0.053     -1.52 
   MgF+           1.713e-006  1.521e-006    -5.766    -5.818    -0.052    -10.58 
   NaF            6.377e-008  6.399e-008    -7.195    -7.194     0.001      6.43 
   HF             4.350e-010  4.365e-010    -9.362    -9.360     0.001     11.48 
   HF2-           4.944e-014  4.386e-014   -13.306   -13.358    -0.052     20.97 
   SiF6-2         3.930e-032  2.464e-032   -31.406   -31.608    -0.203     41.19 
H(0)         2.676e-027 
   H2             1.338e-027  1.343e-027   -26.874   -26.872     0.001     28.63 
K            2.457e-004 
   K+             2.453e-004  2.170e-004    -3.610    -3.663    -0.053      8.35 
   KSO4-          3.994e-007  3.560e-007    -6.399    -6.449    -0.050     (0)   
   KHPO4-         5.915e-009  5.271e-009    -8.228    -8.278    -0.050     (0)   
Mg           1.729e-003 
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   Mg+2           1.617e-003  1.028e-003    -2.791    -2.988    -0.196    -20.92 
   MgSO4          4.828e-005  4.845e-005    -4.316    -4.315     0.001      4.99 
   MgHCO3+        4.756e-005  4.216e-005    -4.323    -4.375    -0.052      4.85 
   MgHPO4         6.758e-006  6.781e-006    -5.170    -5.169     0.001     (0)   
   MgCO3          6.709e-006  6.732e-006    -5.173    -5.172     0.001    -17.07 
   MgF+           1.713e-006  1.521e-006    -5.766    -5.818    -0.052    -10.58 
   MgPO4-         1.016e-006  9.052e-007    -5.993    -6.043    -0.050     (0)   
   MgH2PO4+       7.426e-008  6.618e-008    -7.129    -7.179    -0.050     (0)   
   MgOH+          6.506e-008  5.822e-008    -7.187    -7.235    -0.048     (0)   
N(5)         6.501e-004 
   NO3-           6.501e-004  5.737e-004    -3.187    -3.241    -0.054     27.46 
Na           4.070e-003 
   Na+            4.030e-003  3.583e-003    -2.395    -2.446    -0.051     -2.45 
   NaHCO3         3.418e-005  3.430e-005    -4.466    -4.465     0.001     19.41 
   NaSO4-         5.746e-006  5.121e-006    -5.241    -5.291    -0.050     18.17 
   NaCO3-         1.489e-007  1.327e-007    -6.827    -6.877    -0.050     -2.98 
   NaHPO4-        9.763e-008  8.701e-008    -7.010    -7.060    -0.050     (0)   
   NaF            6.377e-008  6.399e-008    -7.195    -7.194     0.001      6.43 
   NaOH           6.969e-020  6.993e-020   -19.157   -19.155     0.001     (0)   
O(0)         9.882e-004 
   O2             4.941e-004  4.958e-004    -3.306    -3.305     0.001     28.70 
P            3.780e-005 
   HPO4-2         1.987e-005  1.246e-005    -4.702    -4.905    -0.203      5.35 
   MgHPO4         6.758e-006  6.781e-006    -5.170    -5.169     0.001     (0)   
   CaHPO4         5.891e-006  5.912e-006    -5.230    -5.228     0.001     (0)   
   H2PO4-         3.135e-006  2.794e-006    -5.504    -5.554    -0.050     29.85 
   MgPO4-         1.016e-006  9.052e-007    -5.993    -6.043    -0.050     (0)   
   CaPO4-         8.875e-007  7.909e-007    -6.052    -6.102    -0.050     (0)   
   NaHPO4-        9.763e-008  8.701e-008    -7.010    -7.060    -0.050     (0)   
   MgH2PO4+       7.426e-008  6.618e-008    -7.129    -7.179    -0.050     (0)   
   CaH2PO4+       6.874e-008  6.126e-008    -7.163    -7.213    -0.050     (0)   
   KHPO4-         5.915e-009  5.271e-009    -8.228    -8.278    -0.050     (0)   
   PO4-3          9.220e-010  3.111e-010    -9.035    -9.507    -0.472    -28.67 
S(6)         6.250e-004 
   SO4-2          5.106e-004  3.197e-004    -3.292    -3.495    -0.203     11.15 
   CaSO4          6.000e-005  6.021e-005    -4.222    -4.220     0.001      6.66 
   MgSO4          4.828e-005  4.845e-005    -4.316    -4.315     0.001      4.99 
   NaSO4-         5.746e-006  5.121e-006    -5.241    -5.291    -0.050     18.17 
   KSO4-          3.994e-007  3.560e-007    -6.399    -6.449    -0.050     (0)   
   HSO4-          3.129e-010  2.777e-010    -9.505    -9.556    -0.052     38.71 
   CaHSO4+        4.561e-012  4.047e-012   -11.341   -11.393    -0.052     (0)   
Si           1.382e-004 
   H4SiO4         1.373e-004  1.378e-004    -3.862    -3.861     0.001     53.94 
   H3SiO4-        9.383e-007  8.316e-007    -6.028    -6.080    -0.052     27.34 
   H2SiO4-2       2.091e-012  1.319e-012   -11.680   -11.880    -0.200     (0)   




 Phase               SI   log IAP   log K(281 K,   1 atm) 
 
 Anhydrite        -2.31     -6.41   -4.10  CaSO4 
 Aragonite         0.28     -7.97   -8.25  CaCO3 
 Calcite           0.44     -7.97   -8.40  CaCO3 
 Chalcedony       -0.10     -3.86   -3.76  SiO2 
 Chrysotile       -3.72     30.71   34.43  Mg3Si2O5(OH)4 
 CO2(g)           -2.61     -3.85   -1.24  CO2 
 Dolomite          0.67    -16.00  -16.67  CaMg(CO3)2 
 Fluorite         -1.11    -11.93  -10.83  CaF2 
 Gypsum           -1.82     -6.41   -4.60  CaSO4:2H2O 
 H2(g)           -23.82    -26.87   -3.05  H2 
 H2O(g)           -1.97     -0.00    1.97  H2O 
 Halite           -6.38     -4.85    1.53  NaCl 
 Hydroxyapatite    4.12      2.30   -1.82  Ca5(PO4)3OH 
 O2(g)            -0.56     -3.30   -2.75  O2 
 Quartz            0.39     -3.86   -4.25  SiO2 
 Sepiolite        -2.19     14.04   16.23  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -4.62     14.04   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.00     -3.86   -2.86  SiO2 
 Sylvite          -6.78     -6.06    0.71  KCl 










Reading input data for simulation 25. 
------------------------------------- 
 
 rem "Site 21" 
 SOLUTION_SPREAD 
     units    mg/l 
  Alkalinity  Ca  F    K  Mg  N(5)  N(-3)  O(0)    P   pH  
S(6)   Si  Temperature   Cl   Br  Number  Description    Na 
         259  97  0  6.9  43     4      0  13.2  .07  7.9    
41  7.7         11.1  119  .14      21          Nov  62.8 
 USER_GRAPH 
     -initial_solutions      true 
 START 
         -headings 21 
 10 PLOT_XY LA("H4SiO4"),(LA("Ca+2")-2*LA("H+")), color = blue, line_w = 0,   
 symbol = Circle, symbol_size = 10  
  -end  
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Alkalinity       5.179e-003  5.179e-003 
 Br               1.753e-006  1.753e-006 
 Ca               2.422e-003  2.422e-003 
 Cl               3.359e-003  3.359e-003 
 K                1.766e-004  1.766e-004 
 Mg               1.770e-003  1.770e-003 
 N(5)             2.858e-004  2.858e-004 
 Na               2.733e-003  2.733e-003 
 O(0)             8.255e-004  8.255e-004 
 P                2.261e-006  2.261e-006 
 S(6)             4.271e-004  4.271e-004 
 Si               1.282e-004  1.282e-004 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.900     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 11 oC) = 718 
                          Density (g/cm3)  =   1.00020 
                               Volume (L)  =   1.00083 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.439e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  5.280e-003 
                       Total CO2 (mol/kg)  =  5.280e-003 
                      Temperature (deg C)  =  11.10 
                  Electrical balance (eq)  =  1.612e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =   7.99 
                               Iterations  =   7 
                                  Total H  = 1.110180e+002 








 O(-2)/O(0)          13.9822      0.7886 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   OH-            2.906e-007  2.574e-007    -6.537    -6.589    -0.053     -4.83 
   H+             1.394e-008  1.259e-008    -7.856    -7.900    -0.044      0.00 
   H2O            5.551e+001  9.997e-001     1.744    -0.000     0.000     18.02 
Br           1.753e-006 
   Br-            1.753e-006  1.550e-006    -5.756    -5.810    -0.054     24.07 
C(4)         5.280e-003 
   HCO3-          4.918e-003  4.389e-003    -2.308    -2.358    -0.049     23.26 
   CO2            1.563e-004  1.568e-004    -3.806    -3.805     0.001     34.85 
   CaHCO3+        6.798e-005  6.081e-005    -4.168    -4.216    -0.048      9.06 
   MgHCO3+        5.913e-005  5.249e-005    -4.228    -4.280    -0.052      5.02 
   NaHCO3         2.734e-005  2.743e-005    -4.563    -4.562     0.001     19.41 
   CaCO3          2.323e-005  2.331e-005    -4.634    -4.633     0.001    -14.65 
   CO3-2          1.844e-005  1.170e-005    -4.734    -4.932    -0.198     -6.36 
   MgCO3          9.568e-006  9.600e-006    -5.019    -5.018     0.001    -17.07 
   NaCO3-         1.330e-007  1.187e-007    -6.876    -6.925    -0.049     -2.39 
Ca           2.422e-003 
   Ca+2           2.281e-003  1.447e-003    -2.642    -2.840    -0.198    -18.17 
   CaHCO3+        6.798e-005  6.081e-005    -4.168    -4.216    -0.048      9.06 
   CaSO4          4.904e-005  4.921e-005    -4.309    -4.308     0.001      6.85 
   CaCO3          2.323e-005  2.331e-005    -4.634    -4.633     0.001    -14.65 
   CaHPO4         4.196e-007  4.210e-007    -6.377    -6.376     0.001     (0)   
   CaPO4-         6.735e-008  6.011e-008    -7.172    -7.221    -0.049     (0)   
   CaOH+          2.145e-008  1.906e-008    -7.669    -7.720    -0.051     (0)   
   CaH2PO4+       4.804e-009  4.287e-009    -8.318    -8.368    -0.049     (0)   
   CaHSO4+        3.844e-012  3.416e-012   -11.415   -11.466    -0.051     (0)   
Cl           3.359e-003 
   Cl-            3.359e-003  2.979e-003    -2.474    -2.526    -0.052     17.52 
H(0)         2.586e-027 
   H2             1.293e-027  1.297e-027   -26.888   -26.887     0.001     28.62 
K            1.766e-004 
   K+             1.764e-004  1.563e-004    -3.754    -3.806    -0.052      8.52 
   KSO4-          2.036e-007  1.817e-007    -6.691    -6.741    -0.049     (0)   
   KHPO4-         2.380e-010  2.125e-010    -9.623    -9.673    -0.049     (0)   
Mg           1.770e-003 
   Mg+2           1.664e-003  1.064e-003    -2.779    -2.973    -0.194    -21.05 
   MgHCO3+        5.913e-005  5.249e-005    -4.228    -4.280    -0.052      5.02 
   MgSO4          3.646e-005  3.658e-005    -4.438    -4.437     0.001      5.18 
   MgCO3          9.568e-006  9.600e-006    -5.019    -5.018     0.001    -17.07 
   MgHPO4         4.175e-007  4.189e-007    -6.379    -6.378     0.001     (0)   
   MgOH+          9.182e-008  8.227e-008    -7.037    -7.085    -0.048     (0)   
   MgPO4-         6.685e-008  5.967e-008    -7.175    -7.224    -0.049     (0)   
   MgH2PO4+       4.502e-009  4.018e-009    -8.347    -8.396    -0.049     (0)   
N(5)         2.858e-004 
   NO3-           2.858e-004  2.526e-004    -3.544    -3.598    -0.054     27.96 
Na           2.733e-003 
   Na+            2.703e-003  2.407e-003    -2.568    -2.619    -0.050     -2.19 
   NaHCO3         2.734e-005  2.743e-005    -4.563    -4.562     0.001     19.41 
   NaSO4-         2.630e-006  2.347e-006    -5.580    -5.630    -0.049     18.33 
   NaCO3-         1.330e-007  1.187e-007    -6.876    -6.925    -0.049     -2.39 
   NaHPO4-        3.665e-009  3.271e-009    -8.436    -8.485    -0.049     (0)   
   NaOH           6.176e-020  6.197e-020   -19.209   -19.208     0.001     (0)   
O(0)         8.255e-004 
   O2             4.128e-004  4.141e-004    -3.384    -3.383     0.001     29.08 
P            2.261e-006 
   HPO4-2         1.105e-006  6.970e-007    -5.957    -6.157    -0.200      5.47 
   CaHPO4         4.196e-007  4.210e-007    -6.377    -6.376     0.001     (0)   
   MgHPO4         4.175e-007  4.189e-007    -6.379    -6.378     0.001     (0)   
   H2PO4-         1.718e-007  1.534e-007    -6.765    -6.814    -0.049     30.21 
   CaPO4-         6.735e-008  6.011e-008    -7.172    -7.221    -0.049     (0)   
   MgPO4-         6.685e-008  5.967e-008    -7.175    -7.224    -0.049     (0)   
   CaH2PO4+       4.804e-009  4.287e-009    -8.318    -8.368    -0.049     (0)   
   MgH2PO4+       4.502e-009  4.018e-009    -8.347    -8.396    -0.049     (0)   
   NaHPO4-        3.665e-009  3.271e-009    -8.436    -8.485    -0.049     (0)   
   KHPO4-         2.380e-010  2.125e-010    -9.623    -9.673    -0.049     (0)   
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   PO4-3          5.449e-011  1.865e-011   -10.264   -10.729    -0.466    -28.87 
S(6)         4.271e-004 
   SO4-2          3.387e-004  2.134e-004    -3.470    -3.671    -0.201     11.94 
   CaSO4          4.904e-005  4.921e-005    -4.309    -4.308     0.001      6.85 
   MgSO4          3.646e-005  3.658e-005    -4.438    -4.437     0.001      5.18 
   NaSO4-         2.630e-006  2.347e-006    -5.580    -5.630    -0.049     18.33 
   KSO4-          2.036e-007  1.817e-007    -6.691    -6.741    -0.049     (0)   
   HSO4-          2.210e-010  1.964e-010    -9.656    -9.707    -0.051     39.10 
   CaHSO4+        3.844e-012  3.416e-012   -11.415   -11.466    -0.051     (0)   
Si           1.282e-004 
   H4SiO4         1.272e-004  1.277e-004    -3.895    -3.894     0.001     53.52 
   H3SiO4-        9.910e-007  8.797e-007    -6.004    -6.056    -0.052     27.52 




 Phase               SI   log IAP   log K(284 K,   1 atm) 
 
 Anhydrite        -2.38     -6.51   -4.13  CaSO4 
 Aragonite         0.49     -7.77   -8.26  CaCO3 
 Calcite           0.64     -7.77   -8.41  CaCO3 
 Chalcedony       -0.17     -3.89   -3.72  SiO2 
 Chrysotile       -3.31     30.69   34.01  Mg3Si2O5(OH)4 
 CO2(g)           -2.52     -3.80   -1.28  CO2 
 Dolomite          1.08    -15.68  -16.75  CaMg(CO3)2 
 Gypsum           -1.92     -6.51   -4.59  CaSO4:2H2O 
 H2(g)           -23.83    -26.89   -3.06  H2 
 H2O(g)           -1.88     -0.00    1.88  H2O 
 Halite           -6.69     -5.14    1.54  NaCl 
 Hydroxyapatite    1.06     -1.07   -2.13  Ca5(PO4)3OH 
 O2(g)            -0.61     -3.38   -2.78  O2 
 Quartz            0.30     -3.89   -4.20  SiO2 
 Sepiolite        -2.17     13.97   16.14  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -4.69     13.97   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.06     -3.89   -2.83  SiO2 
 Sylvite          -7.08     -6.33    0.75  KCl 








Reading input data for simulation 26. 
------------------------------------- 
 
 rem "Site 22" 
 SOLUTION_SPREAD 
     units    mg/l 
  Alkalinity  Ca   F    K  Mg  N(5)  N(-3)  O(0)    P   pH  
S(6)   Si  Temperature   Cl   Br  Number  Description    Na 
         252  94  .5  5.4  45     3      0  18.1  .32  7.8    
44  2.5         10.6  132  .08      22          Nov  72.3 
 USER_GRAPH 
     -initial_solutions      true 
 START 
         -headings 22 
 10 PLOT_XY LA("H4SiO4"),(LA("Ca+2")-2*LA("H+")), color = blue, line_w = 2,   
 symbol = Circle, symbol_size = 12  
  -end  
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 








 Alkalinity       5.039e-003  5.039e-003 
 Br               1.002e-006  1.002e-006 
 Ca               2.347e-003  2.347e-003 
 Cl               3.726e-003  3.726e-003 
 F                2.634e-005  2.634e-005 
 K                1.382e-004  1.382e-004 
 Mg               1.852e-003  1.852e-003 
 N(5)             2.143e-004  2.143e-004 
 Na               3.147e-003  3.147e-003 
 O(0)             1.132e-003  1.132e-003 
 P                1.034e-005  1.034e-005 
 S(6)             4.583e-004  4.583e-004 
 Si               4.164e-005  4.164e-005 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.800     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 10 oC) = 733 
                          Density (g/cm3)  =   1.00026 
                               Volume (L)  =   1.00077 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.475e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  5.183e-003 
                       Total CO2 (mol/kg)  =  5.183e-003 
                      Temperature (deg C)  =  10.60 
                  Electrical balance (eq)  =  1.750e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =   8.41 
                               Iterations  =   9 
                                  Total H  = 1.110176e+002 




 Redox couple             pe  Eh (volts) 
 
 O(-2)/O(0)          14.1621      0.7973 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   OH-            2.212e-007  1.957e-007    -6.655    -6.708    -0.053     -4.87 
   H+             1.756e-008  1.585e-008    -7.755    -7.800    -0.045      0.00 
   H2O            5.551e+001  9.997e-001     1.744    -0.000     0.000     18.02 
Br           1.002e-006 
   Br-            1.002e-006  8.846e-007    -5.999    -6.053    -0.054     24.03 
C(4)         5.183e-003 
   HCO3-          4.797e-003  4.277e-003    -2.319    -2.369    -0.050     23.19 
   CO2            1.938e-004  1.944e-004    -3.713    -3.711     0.001     35.06 
   CaHCO3+        6.322e-005  5.649e-005    -4.199    -4.248    -0.049      9.03 
   MgHCO3+        6.006e-005  5.325e-005    -4.221    -4.274    -0.052      4.99 
   NaHCO3         3.067e-005  3.078e-005    -4.513    -4.512     0.001     19.41 
   CaCO3          1.707e-005  1.713e-005    -4.768    -4.766     0.001    -14.65 
   CO3-2          1.413e-005  8.927e-006    -4.850    -5.049    -0.199     -6.47 
   MgCO3          7.547e-006  7.573e-006    -5.122    -5.121     0.001    -17.07 
   NaCO3-         1.166e-007  1.040e-007    -6.933    -6.983    -0.050     -2.48 
Ca           2.347e-003 
   Ca+2           2.214e-003  1.398e-003    -2.655    -2.854    -0.200    -18.18 
   CaHCO3+        6.322e-005  5.649e-005    -4.199    -4.248    -0.049      9.03 
   CaSO4          5.054e-005  5.071e-005    -4.296    -4.295     0.001      6.82 
   CaCO3          1.707e-005  1.713e-005    -4.768    -4.766     0.001    -14.65 
   CaHPO4         1.820e-006  1.826e-006    -5.740    -5.738     0.001     (0)   
   CaPO4-         2.299e-007  2.050e-007    -6.638    -6.688    -0.050     (0)   
   CaH2PO4+       2.633e-008  2.348e-008    -7.579    -7.629    -0.050     (0)   
   CaOH+          1.649e-008  1.464e-008    -7.783    -7.835    -0.052     (0)   
   CaHSO4+        4.966e-012  4.408e-012   -11.304   -11.356    -0.052     (0)   
Cl           3.726e-003 
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   Cl-            3.726e-003  3.300e-003    -2.429    -2.481    -0.053     17.49 
F            2.634e-005 
   F-             2.492e-005  2.205e-005    -4.603    -4.657    -0.053     -1.46 
   MgF+           1.382e-006  1.228e-006    -5.859    -5.911    -0.051    -10.55 
   NaF            3.501e-008  3.513e-008    -7.456    -7.454     0.001      6.59 
   HF             4.063e-010  4.077e-010    -9.391    -9.390     0.001     11.68 
   HF2-           3.382e-014  3.002e-014   -13.471   -13.523    -0.052     21.21 
   SiF6-2         2.923e-033  1.836e-033   -32.534   -32.736    -0.202     41.55 
H(0)         4.121e-027 
   H2             2.060e-027  2.067e-027   -26.686   -26.685     0.001     28.62 
K            1.382e-004 
   K+             1.380e-004  1.222e-004    -3.860    -3.913    -0.053      8.49 
   KSO4-          1.690e-007  1.506e-007    -6.772    -6.822    -0.050     (0)   
   KHPO4-         8.445e-010  7.529e-010    -9.073    -9.123    -0.050     (0)   
Mg           1.852e-003 
   Mg+2           1.741e-003  1.109e-003    -2.759    -2.955    -0.196    -21.03 
   MgHCO3+        6.006e-005  5.325e-005    -4.221    -4.274    -0.052      4.99 
   MgSO4          4.009e-005  4.023e-005    -4.397    -4.395     0.001      5.15 
   MgCO3          7.547e-006  7.573e-006    -5.122    -5.121     0.001    -17.07 
   MgHPO4         1.952e-006  1.959e-006    -5.710    -5.708     0.001     (0)   
   MgF+           1.382e-006  1.228e-006    -5.859    -5.911    -0.051    -10.55 
   MgPO4-         2.460e-007  2.193e-007    -6.609    -6.659    -0.050     (0)   
   MgOH+          7.237e-008  6.478e-008    -7.140    -7.189    -0.048     (0)   
   MgH2PO4+       2.660e-008  2.372e-008    -7.575    -7.625    -0.050     (0)   
N(5)         2.143e-004 
   NO3-           2.143e-004  1.892e-004    -3.669    -3.723    -0.054     27.88 
Na           3.147e-003 
   Na+            3.113e-003  2.769e-003    -2.507    -2.558    -0.051     -2.23 
   NaHCO3         3.067e-005  3.078e-005    -4.513    -4.512     0.001     19.41 
   NaSO4-         3.231e-006  2.880e-006    -5.491    -5.541    -0.050     18.31 
   NaCO3-         1.166e-007  1.040e-007    -6.933    -6.983    -0.050     -2.48 
   NaF            3.501e-008  3.513e-008    -7.456    -7.454     0.001      6.59 
   NaHPO4-        1.914e-008  1.706e-008    -7.718    -7.768    -0.050     (0)   
   NaOH           5.400e-020  5.418e-020   -19.268   -19.266     0.001     (0)   
O(0)         1.132e-003 
   O2             5.660e-004  5.679e-004    -3.247    -3.246     0.001     29.02 
P            1.034e-005 
   HPO4-2         5.032e-006  3.160e-006    -5.298    -5.500    -0.202      5.46 
   MgHPO4         1.952e-006  1.959e-006    -5.710    -5.708     0.001     (0)   
   CaHPO4         1.820e-006  1.826e-006    -5.740    -5.738     0.001     (0)   
   H2PO4-         9.849e-007  8.781e-007    -6.007    -6.056    -0.050     30.15 
   MgPO4-         2.460e-007  2.193e-007    -6.609    -6.659    -0.050     (0)   
   CaPO4-         2.299e-007  2.050e-007    -6.638    -6.688    -0.050     (0)   
   MgH2PO4+       2.660e-008  2.372e-008    -7.575    -7.625    -0.050     (0)   
   CaH2PO4+       2.633e-008  2.348e-008    -7.579    -7.629    -0.050     (0)   
   NaHPO4-        1.914e-008  1.706e-008    -7.718    -7.768    -0.050     (0)   
   KHPO4-         8.445e-010  7.529e-010    -9.073    -9.123    -0.050     (0)   
   PO4-3          1.961e-010  6.644e-011    -9.707   -10.178    -0.470    -28.83 
S(6)         4.583e-004 
   SO4-2          3.643e-004  2.285e-004    -3.439    -3.641    -0.203     11.82 
   CaSO4          5.054e-005  5.071e-005    -4.296    -4.295     0.001      6.82 
   MgSO4          4.009e-005  4.023e-005    -4.397    -4.395     0.001      5.15 
   NaSO4-         3.231e-006  2.880e-006    -5.491    -5.541    -0.050     18.31 
   KSO4-          1.690e-007  1.506e-007    -6.772    -6.822    -0.050     (0)   
   HSO4-          2.954e-010  2.622e-010    -9.530    -9.581    -0.052     39.04 
   CaHSO4+        4.966e-012  4.408e-012   -11.304   -11.356    -0.052     (0)   
Si           4.164e-005 
   H4SiO4         4.139e-005  4.153e-005    -4.383    -4.382     0.001     53.59 
   H3SiO4-        2.510e-007  2.226e-007    -6.600    -6.653    -0.052     27.50 
   H2SiO4-2       5.440e-013  3.437e-013   -12.264   -12.464    -0.199     (0)   




 Phase               SI   log IAP   log K(283 K,   1 atm) 
 
 Anhydrite        -2.37     -6.50   -4.13  CaSO4 
 Aragonite         0.35     -7.90   -8.26  CaCO3 
 Calcite           0.51     -7.90   -8.41  CaCO3 
 Chalcedony       -0.65     -4.38   -3.73  SiO2 
 Chrysotile       -4.90     29.17   34.07  Mg3Si2O5(OH)4 
247 
 
 CO2(g)           -2.43     -3.71   -1.28  CO2 
 Dolomite          0.83    -15.91  -16.74  CaMg(CO3)2 
 Fluorite         -1.38    -12.17  -10.79  CaF2 
 Gypsum           -1.91     -6.50   -4.59  CaSO4:2H2O 
 H2(g)           -23.63    -26.68   -3.06  H2 
 H2O(g)           -1.89     -0.00    1.89  H2O 
 Halite           -6.58     -5.04    1.54  NaCl 
 Hydroxyapatite    2.50      0.43   -2.08  Ca5(PO4)3OH 
 O2(g)            -0.47     -3.25   -2.77  O2 
 Quartz           -0.18     -4.38   -4.20  SiO2 
 Sepiolite        -4.01     12.14   16.16  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -6.52     12.14   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.55     -4.38   -2.84  SiO2 
 Sylvite          -7.14     -6.39    0.74  KCl 








Reading input data for simulation 27. 
------------------------------------- 
 
 rem "Site 23 (final site)" 
 SOLUTION_SPREAD 
     units    mg/l 
  Alkalinity  Ca   F    K  Mg  N(5)  N(-3)  O(0)    P   pH  
S(6)   Si  Temperature   Cl   Br  Number  Description    Na 
         248  89  .5  5.4  43   2.3    .03  15.1  .21  7.8    
43  1.8          9.4  125  .18      23          Nov  68.7 
 USER_GRAPH 
     -initial_solutions      true 
 START 
         -headings 23 
 10 PLOT_XY LA("H4SiO4"),(LA("Ca+2")-2*LA("H+")), color = blue, line_w = 2,   
 symbol = Diamond, symbol_size = 12  
  -end  
 END 
------------------------------------------- 
Beginning of initial solution calculations. 
------------------------------------------- 
 




 Elements           Molality       Moles 
 
 Alkalinity       4.959e-003  4.959e-003 
 Br               2.254e-006  2.254e-006 
 Ca               2.222e-003  2.222e-003 
 Cl               3.528e-003  3.528e-003 
 F                2.633e-005  2.633e-005 
 K                1.382e-004  1.382e-004 
 Mg               1.770e-003  1.770e-003 
 N(-3)            2.143e-006  2.143e-006 
 N(5)             1.643e-004  1.643e-004 
 Na               2.990e-003  2.990e-003 
 O(0)             9.444e-004  9.444e-004 
 P                6.784e-006  6.784e-006 
 S(6)             4.479e-004  4.479e-004 
 Si               2.998e-005  2.998e-005 
 
----------------------------Description of solution---------------------------- 
 
                                       pH  =   7.800     
                                       pe  =   4.000     
       Specific Conductance (uS/cm, 9 oC) = 679 
                          Density (g/cm3)  =   1.00034 
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                               Volume (L)  =   1.00065 
                        Activity of water  =   1.000 
                           Ionic strength  =  1.412e-002 
                       Mass of water (kg)  =  1.000e+000 
                    Total carbon (mol/kg)  =  5.113e-003 
                       Total CO2 (mol/kg)  =  5.113e-003 
                      Temperature (deg C)  =   9.40 
                  Electrical balance (eq)  =  1.532e-003 
 Percent error, 100*(Cat-|An|)/(Cat+|An|)  =   7.68 
                               Iterations  =   9 
                                  Total H  = 1.110174e+002 




 Redox couple             pe  Eh (volts) 
 
 N(-3)/N(5)           6.3173      0.3542 
 O(-2)/O(0)          14.2526      0.7990 
 
----------------------------Distribution of species---------------------------- 
 
                                               Log       Log       Log    mole V 
   Species          Molality    Activity  Molality  Activity     Gamma   cm3/mol 
 
   OH-            1.983e-007  1.759e-007    -6.703    -6.755    -0.052     -4.98 
   H+             1.753e-008  1.585e-008    -7.756    -7.800    -0.044      0.00 
   H2O            5.551e+001  9.997e-001     1.744    -0.000     0.000     18.02 
Br           2.254e-006 
   Br-            2.254e-006  1.995e-006    -5.647    -5.700    -0.053     23.93 
C(4)         5.113e-003 
   HCO3-          4.736e-003  4.232e-003    -2.325    -2.373    -0.049     23.01 
   CO2            1.970e-004  1.977e-004    -3.705    -3.704     0.001     35.57 
   CaHCO3+        5.776e-005  5.172e-005    -4.238    -4.286    -0.048      8.95 
   MgHCO3+        5.715e-005  5.080e-005    -4.243    -4.294    -0.051      4.93 
   NaHCO3         2.900e-005  2.910e-005    -4.538    -4.536     0.001     19.41 
   CaCO3          1.549e-005  1.554e-005    -4.810    -4.808     0.001    -14.66 
   CO3-2          1.338e-005  8.533e-006    -4.873    -5.069    -0.196     -6.78 
   MgCO3          6.836e-006  6.858e-006    -5.165    -5.164     0.001    -17.07 
   NaCO3-         1.054e-007  9.416e-008    -6.977    -7.026    -0.049     -2.71 
Ca           2.222e-003 
   Ca+2           2.100e-003  1.338e-003    -2.678    -2.874    -0.196    -18.23 
   CaHCO3+        5.776e-005  5.172e-005    -4.238    -4.286    -0.048      8.95 
   CaSO4          4.772e-005  4.788e-005    -4.321    -4.320     0.001      6.75 
   CaCO3          1.549e-005  1.554e-005    -4.810    -4.808     0.001    -14.66 
   CaHPO4         1.151e-006  1.154e-006    -5.939    -5.938     0.001     (0)   
   CaPO4-         1.414e-007  1.264e-007    -6.849    -6.898    -0.049     (0)   
   CaH2PO4+       1.672e-008  1.494e-008    -7.777    -7.826    -0.049     (0)   
   CaOH+          1.574e-008  1.401e-008    -7.803    -7.854    -0.051     (0)   
   CaHSO4+        4.619e-012  4.110e-012   -11.335   -11.386    -0.051     (0)   
Cl           3.528e-003 
   Cl-            3.528e-003  3.133e-003    -2.452    -2.504    -0.052     17.40 
F            2.633e-005 
   F-             2.499e-005  2.217e-005    -4.602    -4.654    -0.052     -1.49 
   MgF+           1.307e-006  1.164e-006    -5.884    -5.934    -0.050    -10.56 
   NaF            3.353e-008  3.364e-008    -7.475    -7.473     0.001      6.51 
   HF             4.005e-010  4.018e-010    -9.397    -9.396     0.001     11.59 
   HF2-           3.297e-014  2.934e-014   -13.482   -13.533    -0.051     21.10 
   SiF6-2         2.438e-033  1.545e-033   -32.613   -32.811    -0.198     41.38 
H(0)         4.176e-027 
   H2             2.088e-027  2.095e-027   -26.680   -26.679     0.001     28.63 
K            1.382e-004 
   K+             1.380e-004  1.225e-004    -3.860    -3.912    -0.052      8.43 
   KSO4-          1.646e-007  1.470e-007    -6.784    -6.833    -0.049     (0)   
   KHPO4-         5.722e-010  5.112e-010    -9.242    -9.291    -0.049     (0)   
Mg           1.770e-003 
   Mg+2           1.666e-003  1.070e-003    -2.778    -2.970    -0.192    -20.99 
   MgHCO3+        5.715e-005  5.080e-005    -4.243    -4.294    -0.051      4.93 
   MgSO4          3.727e-005  3.739e-005    -4.429    -4.427     0.001      5.08 
   MgCO3          6.836e-006  6.858e-006    -5.165    -5.164     0.001    -17.07 
   MgF+           1.307e-006  1.164e-006    -5.884    -5.934    -0.050    -10.56 
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   MgHPO4         1.245e-006  1.249e-006    -5.905    -5.904     0.001     (0)   
   MgPO4-         1.526e-007  1.364e-007    -6.816    -6.865    -0.049     (0)   
   MgOH+          6.181e-008  5.544e-008    -7.209    -7.256    -0.047     (0)   
   MgH2PO4+       1.704e-008  1.522e-008    -7.769    -7.817    -0.049     (0)   
N(-3)        2.143e-006 
   NH4+           2.116e-006  1.869e-006    -5.674    -5.728    -0.054     17.32 
   NH3            2.089e-008  2.096e-008    -7.680    -7.679     0.001     24.03 
   NH4SO4-        6.162e-009  5.483e-009    -8.210    -8.261    -0.051     (0)   
N(5)         1.643e-004 
   NO3-           1.643e-004  1.455e-004    -3.784    -3.837    -0.053     27.69 
Na           2.990e-003 
   Na+            2.958e-003  2.637e-003    -2.529    -2.579    -0.050     -2.33 
   NaHCO3         2.900e-005  2.910e-005    -4.538    -4.536     0.001     19.41 
   NaSO4-         3.034e-006  2.711e-006    -5.518    -5.567    -0.049     18.24 
   NaCO3-         1.054e-007  9.416e-008    -6.977    -7.026    -0.049     -2.71 
   NaF            3.353e-008  3.364e-008    -7.475    -7.473     0.001      6.51 
   NaHPO4-        1.232e-008  1.101e-008    -7.909    -7.958    -0.049     (0)   
   NaOH           4.623e-020  4.638e-020   -19.335   -19.334     0.001     (0)   
O(0)         9.444e-004 
   O2             4.722e-004  4.737e-004    -3.326    -3.324     0.001     28.87 
P            6.784e-006 
   HPO4-2         3.377e-006  2.140e-006    -5.471    -5.669    -0.198      5.40 
   MgHPO4         1.245e-006  1.249e-006    -5.905    -5.904     0.001     (0)   
   CaHPO4         1.151e-006  1.154e-006    -5.939    -5.938     0.001     (0)   
   H2PO4-         6.706e-007  5.992e-007    -6.174    -6.222    -0.049     30.01 
   MgPO4-         1.526e-007  1.364e-007    -6.816    -6.865    -0.049     (0)   
   CaPO4-         1.414e-007  1.264e-007    -6.849    -6.898    -0.049     (0)   
   MgH2PO4+       1.704e-008  1.522e-008    -7.769    -7.817    -0.049     (0)   
   CaH2PO4+       1.672e-008  1.494e-008    -7.777    -7.826    -0.049     (0)   
   NaHPO4-        1.232e-008  1.101e-008    -7.909    -7.958    -0.049     (0)   
   KHPO4-         5.722e-010  5.112e-010    -9.242    -9.291    -0.049     (0)   
   PO4-3          1.265e-010  4.382e-011    -9.898   -10.358    -0.461    -28.78 
S(6)         4.479e-004 
   SO4-2          3.597e-004  2.277e-004    -3.444    -3.643    -0.199     11.51 
   CaSO4          4.772e-005  4.788e-005    -4.321    -4.320     0.001      6.75 
   MgSO4          3.727e-005  3.739e-005    -4.429    -4.427     0.001      5.08 
   NaSO4-         3.034e-006  2.711e-006    -5.518    -5.567    -0.049     18.24 
   KSO4-          1.646e-007  1.470e-007    -6.784    -6.833    -0.049     (0)   
   NH4SO4-        6.162e-009  5.483e-009    -8.210    -8.261    -0.051     (0)   
   HSO4-          2.871e-010  2.555e-010    -9.542    -9.593    -0.051     38.89 
   CaHSO4+        4.619e-012  4.110e-012   -11.335   -11.386    -0.051     (0)   
Si           2.998e-005 
   H4SiO4         2.981e-005  2.990e-005    -4.526    -4.524     0.001     53.75 
   H3SiO4-        1.714e-007  1.523e-007    -6.766    -6.817    -0.051     27.42 
   H2SiO4-2       3.361e-013  2.143e-013   -12.473   -12.669    -0.196     (0)   




 Phase               SI   log IAP   log K(282 K,   1 atm) 
 
 Anhydrite        -2.40     -6.52   -4.12  CaSO4 
 Aragonite         0.31     -7.94   -8.25  CaCO3 
 Calcite           0.47     -7.94   -8.41  CaCO3 
 Chalcedony       -0.78     -4.52   -3.74  SiO2 
 Chrysotile       -5.40     28.84   34.24  Mg3Si2O5(OH)4 
 CO2(g)           -2.44     -3.70   -1.26  CO2 
 Dolomite          0.73    -15.98  -16.71  CaMg(CO3)2 
 Fluorite         -1.38    -12.18  -10.81  CaF2 
 Gypsum           -1.92     -6.52   -4.59  CaSO4:2H2O 
 H2(g)           -23.63    -26.68   -3.05  H2 
 H2O(g)           -1.93     -0.00    1.93  H2O 
 Halite           -6.62     -5.08    1.54  NaCl 
 Hydroxyapatite    1.78     -0.18   -1.96  Ca5(PO4)3OH 
 NH3(g)           -9.82     -7.68    2.14  NH3 
 O2(g)            -0.56     -3.32   -2.76  O2 
 Quartz           -0.30     -4.52   -4.22  SiO2 
 Sepiolite        -4.51     11.69   16.19  Mg2Si3O7.5OH:3H2O 
 Sepiolite(d)     -6.97     11.69   18.66  Mg2Si3O7.5OH:3H2O 
 SiO2(a)          -1.68     -4.52   -2.85  SiO2 
 Sylvite          -7.15     -6.42    0.73  KCl 
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Map 24: Ohio Geology of Study Area 









Figure 27: Ohio Bedrock showing Study Area Location 




Figure 28: Ohio Bedrock Information related to Study Area 
(Ohio Dept. of Natural Resources, 2014) 
